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(57) Abstract: Disclosed are compounds of Formula (I) wherein X. Y, R^-R,, T', r. Z, and p are as described herein; a pharma- 
ceutical composiUon comprising a compound of Formula (I) and a carrier; a method of inhibiUng growth of a cell, which method 
compnses administering in an amount effective to inhibit growth a compound of Formula (I); a method of treaUng cancer in a mam- 
mal , which method comprises administering in an amount eneciive to treat cancer a compound of Formula (I); a method of treating a 
viral, parasitic, or bacterial infection of a cell, which method comprises administering in an amount effective to treat a viral, parasitic 
or bacterial infection a compound of Fbrmula (I); and a method of preparing a compound of R)rmula (I) as described herein 
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PYRROLOBENZODIAZEPINE DERIVATIVES, COMPOSITIONS COMPRISING THE 
SAME AND METHODS RELATED THERETO 

CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application claims the benefit of U.S. Provisional Patent Application No. 
60/513,751, filed October 22, 2003. 

FIELD OF THE INVENTION 
[0002] The invention pertains to derivatives of pyrrolobenzodiazepine, a pharmaceutical 
composition comprising such a derivative, a method of inhibiting growth of a cell, a method 
of treating cancer, and a method of treating a viral, parasitic, or bacterial infection of a cell 
using such derivatives, and a method of preparing the derivatives. 

BACKGROUND OF THE INVENTION 
[0003] Pyrrolobenzodiazepines (PBDs) have been shown to be able to recognize and 
bind to specific sequences of DNA. The most preferred sequence is PuGPu (Purine- 
Guanine-Purine). The first PBD antitumour antibiotic, anthramycin, was discovered in 
1965 (Leimgruber et al., 1965 J. Ain Chem. Soc, 87, 5793-5795; and Leimgruber et al., 
1965 J. Am. Chenu Soc, 87, 5791-5793). Since then, a niimber of naturally occurring PBDs 
have been reported, and over 10 synthetic routes have been developed to a variety of 
analogues (Thurston et al., 1994 Chem, Rev. 1994, 433-465). Family members include 
abbeymycin (Hochlowski et al., 1987 J. Antibiotics, 40, 145-148), chicamycin (Konishi et 
al., 1984 J. Antibiotics, 37, 200-206), DC-81 (Japanese Patent 58-180 487; Thurston et al., 
1990, Chem. Brit, 26, 767-772; and Bose et al., 1992 Tetrahedron, 48, 751-758), 
mazethramycin (Kuminoto et al., I9i0 J. Antibiotics, 33, 665-667), neotbramycins A and B 
(Takeuchi et al., 1976 J. Antibiotics, 29, 93-96), porothramycin (Tsunakawa et al., 1988 J. 
Antibiotics, 41, 1366-1373), prothracarcia (Shimizu et al, 1982 J. Antibiotics, 29, 2492- 
2503; and Langley and Thurston, 1987 1 Org, Chem., 52, 91-97), sibanomicin (DC-102; 
Hara et al., 1988 J. Antibiotics, 41, 702-704; and Itoh et al., 1988 J. Antibiotics, 41, 1281- 
1284), sibiromycm (Leber et al., 1988 J. Am. Chem, Soc, 110, 2992-2993) and tomamycin 
(Arima et al., 1972 J. Antibiotics, 25, 437-444). 
[0004] PBDs are of the general structure: 
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10005] The PBDs differ in the number, type and position of substituents, in both their 
aromatic A rings and pyrrolo C rings, and in the degree of saturation of the C ring. In the 
B-ring there is either an inime (N=C), a carbinolamine (NH-CH(OH)) or a carbinoiamine 
methyl ether (NH-CH(OMe)) at the NlO-Cl 1 position xvhich is the electrophiUc centre 
responsible for alkylating DNA. All of the known natural products have an (S)- 
configuration at the chiral Clla position which provides them with a right-handed twist 
whenviewedftomtheCringtowardstheAring. Tins gives them the appropriate three- 
dimensional shape for isohelicity with the minor groove of B-fom DNA. leading to a snug 

fit at the binding site (Kohn, 1 975 In Aa^^gticsm. Springer-Verlag, New York, pp. 3-11 • 
and Hurley and Needham-VanDevanter. 1986 Acc. Chem. Rbs., 19, 230-237). Their ability' 
to form an adduct in the minor groove enables them to interfere with DNA processing, 
hence their use as antitumor agents. 

[0006] Despite the existence of such PBDs, there still exists a need in the art for 
derivatives or modifications of PBDs having attractive biological activity, e.g.. ones that are 
able to bind to DNA. such that cellular tnmscription and gene expression are inhibited. 
Such compounds could then be used in methods of treating diseases in which it is useful to 
inhibit gene expression, e.g., cancer and other hyperproliferative diseases, as weU, as 
diseases caused by viral, parasitic, or bacterial infections. 

[0007] The invention provides such compounds. This and other objects and advantages 
of the invention, as well as additional inventive features, will be apparent from the 
description of flie invention provided herein. 



[0008] 



BRIEF SUMMARY OF THE INVENTION 
The invention provides a compound of Formula I: 
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(Formula I) 

wherein X, Y, R^Ry, t\ T^ Z, and p are as described herein. 
[0009] The invention also provides a pharmaceutical composition comprising a 
compound of Fonnula I as described herein and a pharmaceutically-acceptable carrier, as 
well as a method of inhibiting the growth of a ceU, which method comprises administ^g 
to the cell in an amount effective to inhibit the growth of the cell a compound of the 
invention, and a method of treating a viral, parasitic, or bacterial infection of a cell, which 
method comprises administering to the ceU in an amount effective to treat a viral, parasitic, 
or bacterial infection a compound of the invention. Methods of preparing the compounds of 
the invention also are provided herein, which methods generaUy comprise combining a 
compound of formula I with water or a nucleophilic organic reactant 



BRIEF DESCRIPTION OF THE DRAWINGS 
lOOlO] Figure 1 A depicts a reaction scheme iUustrating steps (a)-(c) for preparing a 
compound in accordance with an embodiment of the invention. 
[00111 Figure IB depicts a reaction scheme iUustrating steps (d)-(f) for preparing a 
compound in accordance with an embodiment of the invention. 
10012] Figure IC depicts a reaction scheme illiistrating steps (g)-(h) for jpreparing a 
compound in accordance with an embodiment of the invention. 
[0013] Figure ID depicts a reaction scheme illustrating steps (i)-(j) for preparing a 
compound in accordance with an embodiment of the invention. 
[0014] Figure IE depicts a reaction scheme iUustrating steps (k>(l) for preparing a 
compound in accordance with an embodiment of the invention. 
[0015] Figure IF depicts a reaction scheme iUustrating steps (mKn) for preparing a 
compound in accordance with an embodiment of the invention. 
[0016] Figure 1 G depicts a reaction scheme illustrating step (o) for prepmng a 
compound in accordance with an embodiment of the invention. 
[0017] Figure 2 is a reaction scheme illustrating the production of compounds in 
accordance with an embodiment of the invention. 
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[00181 Figute 3 illustrates certain diastereoisomers of compounds in accordance with 
embodiment of the inventioiL 

I0019J Figure 4 is a reaction scheme iUustrating a method for preparing compounds ir 
accordance widi an embodiment of the invention. 

[0020] Figure 5 iUustrates certain diastereoisomers of compounds in accordance with i 
embodiment of the invention. 

[0021] Figure 6 is a reaction scheme iUustrating a method for preparing a compound ii 
accordance with an embodiment of tiie invention. 

[0022] Figure 7 illustrates certain diastereoisomers of a compound in accordance with 
an embodiment of the inventioa 



DETAILED DESCRIPTION OF THE INVENTION 
[0023] The invention provides a compound of Formula I: 




(Formula I) 

wherein X is a substituent selected fiom the group consisting of an OH, an ether, a 
silyl ether, a trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cycKc 
carbamate, a cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a 
sulphite, a bisulphite, a sulphonamide, an amine, an amide, an azido, a cyano, a halo, 'a 
tiiphenylphosphonium, a silyl, a trialkyl sUyl, an amino acid- derived gro,^, md a ' 
phosphorus-containing group; 

wherein the bond between the carbon to which Y is attached and the N of NR' to 
which the carbon is attached is a smgle bond or a double bond, wherem, when the bond is a 
double bond, is absent and Y is H. and, when the bond is a single bond, R' is H and Y is 
a substituent selected from the group defined for X. wherein Y is optionaUy the same as X; 

vrfierein each of T' and T^ is independenUy 0, S, or NR*; 
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wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of which 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each ofR\ R\ and is independently a hydrogen; a €1-624 alkyl, C2-C24 
alkenyl, or C2-C24 alkynyl optionally substituted with a group selected from the group 
consistmg of an aryl, a heterocycle, and an amme; or an aryl optionally substituted with an 
alkyl, an aryl, an aIko?cy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein the bond between and the carbon to which is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R* is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R* and R^ are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; and 

wherein the bond between and the carbon to which R^ is attached is a single bond 
or a double bond, wherem, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consistmg of H, 
Ci-Cs alkyl, aryl, and a heterocycle; or a salt thereof; wherein the compound is a solid. 
[0024] The compounds of the present invention can be synthesized, and, in 
embodiments, isolated or purified to any degree. For purposes of the mvention, the term 
"isolated" as used herein is defined as having been removed from a natural environment. 
The temi "purified" as used herein refers to having been mcreased in purity, wherein 
"purity" is a relative term, and not to be construed as absolute purity. The term "isolated" 
and "purified" do not necessarily imply 100% or complete isolation or purity. Rather, there 
are varyuig degrees of isolation or purity of which one of ordinary skiU in the art recognizes 
as having a potential benefit or prophylactic or therapeutic effect In this regard, the 
compounds of the invention can be of any level of isolation or purity. Preferably, the 
compounds of Formula I are substantially isolated or substantially pure, such that the 
compounds are substantially free of any impurities or any materials or agents that, for 
example, mterfere with the activity of the compounds or make the compounds toxic. 
Desirably, the compounds of the invention have a purity of about 75% or more, more 
preferably about 80% or more (e.g., about 90% or more), or even about 95% or more (e.g., 
about 98% or more, or about 99% or more). 

[0025] The term "alkyl" (alkane) refers to a straight-chain or branched-^hain alkyl 
containing, e.g., from 1 to about 24 carbon atoms, from 1 to about 16 carbon atoms, or from 
1 to about 8 carbon atoms. Examples of saturated alkyls include methyl, etiiyl, propyl, 
isopropyl, n-butyl, sec-butyl, t-butyl, octyl, and tiie like. The alkyl groups can be optionally 
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substituted, for example, with at least one substituent selected from the group consisting of 
a halogen, a nitto, an amino, a hydroxjd, an alkoxy, an aryloxy, an aralkoxy, an ester, an 
amide, a sulfliydryl, an alkyl sulfide, an aryl sulfide, an alkyi sulfoxide, an aryl sufoxide, an 
alkyi sulfonyl, an aryl sulfonyl, a keto, a Ihioketo, an alkyl, a cyano, and the like. The alkyl 
also can be a cycloalkyl, (e.g., cyclohexyl or cyclopentyl). 

(00261 The term "alkenyl" (alkene) means a straight-chain or branched-chain alkenyl 
having one or more double bonds. An alkenyl can contain, e.g., from 2 to about 24 carbon 
atoms, fix)m 2 to about 16 carbon atoms, firom 2 to about 8 carbon atoms. Examples of 
alkenyls include vinyl, allyl, 1,4-butadienyl, isopropenyl, and the like. The term "alkynyl" 
(alkyne) means a straight-chain or branched-chain alkynyl havmg one or more triple bonds. 
An alkynyl can contain, e.g., from 2 to about 8 carbon atoms, or from 2 to about 6 caibon 
atoms. Exanq)les of alkynyls include ethynyl, propynyl (propargyl), butynyl. and the like. 
The alkenyl and alkenyl groups can be optionaUy substituted, for example, with at least one 
substituent selected from the group consisting of a halogen, a nitro, an amino, ahydroxyl, 
an alkoxy, an aryloxy, an aralkoxy. an ester, an amide, a sulfhydryl, an alkyl sulfide, an aiyl 
sulfide, an alkyl sulfi)xide, an aryl sufoxide, an alkyl sulfonyl, an aiyl sulfonyl, a keto, a 
thioketo, an alkyl, a cyano and the like. 

[00271 The term "alkoxy" includes alkoxy groups containing, for example, from 2 to 
about 24 carbon atoms, from 2 to about 16 carbon atoms, or from 2 to about 8 carbon atoms. 
Bcamples of alkoxy substituents include, but are not limited to, methoxy, ethoxy, 
isopropoxy, butanoxy, and die like. 

[0028] The term "alkylammo" includes monoalkylamino and dialkylamino. The term 
"monoalkylamino" means an amino, which is substituted with an alkyl as defined herein. 
Examples of monoalkylamino substituents include, but are not limited to, methylamino, 
ethylamino, isopropylamino, t-butylamino, and the like. The term "dialkylamino" means an 
amino, which is substituted with two alkyls as defined herein, which alkyls can be the same 
or different Examples of dialkylamino substituents include dim^ylammo, diethylamino, 
ethylisopropylamino, diisopropylamino, dibutylamino, and the like. 
[00291 The term "halogen" or "halo" includes halogens such as, e.g., fluoro (F), chloro 
(CI), bromo (Br), or iodo (I). 

[00301 TTie term "aryl" means an aromatic ring, as commonly understood in the art, and 
includes monocyclic and polycycUc aromatics. The aryl substituent preferably comprises 6- 
14 carbon atoms in the carbocycKc skeleton thereof. Examples of aryl substituents include, 
but are not limited to, phenyl, naphthyl, biphenyi, anthracenyl and flie like, which can be 
unsubstituted or optionally substituted with one or more substituents selected from the 
group consisting of a halogen, a saturated alkyl, an unsaturated alkyl, a hydroxyl, an alkoxy, 
an aryloxy, an aralkoxy, an ester, an amide, a sulfliydryl. an alkyl sulfide, an aryl sulfide, an 



wo 2005/040170 



PCTAJS2004/035050 



alkyl sulfoxide, an aryl sulfoxide, an alkylsulfonyl, an arylsulfonyl, a keto, a thioketo, a 
cyano, a nitre, an amino, an alkylamino, a dialkylamino, and die like. 
[0031) X of Formula I can be a nitrogen-containing group, such as an amine, an amide, 
a cyano, or a sulphonamide. Amines include NH2. NHR, and NRR', wherein each of R and 
R' is independentiy selected from a group consisting of an alkyl as described herein; a 
cycloalkyl, a C2-C24 alkenyl; a cyclohexylalkyl (cyclohexanaikyl); a C3-C26 alkoxyJcetyl; a 
group of structure: 




[0032] wherein each of Y and Y is independently hydrogen. C1-C24 alkyl, aryl alkyl, 
C2-C24 alkenyl, C2-C24 alkynyl, C1-C24 alkoxy, or halogen, or Y and Y* togeai« foim 3,4- 
methylenedioxy, and Y" is hydrogen, C,-C24 alkyl, C1-C24 alkoxy or halogen; a 
naphthalenalkyl optionaUy substituted by me%l of halogen; aryl alkenyl, e.g., phenyl (C2- 
Cu alkenyl), whaein the phenyl is optionally substituted with mediyl or halogen; cuuiamyl; 
heterocyclylalkyl, e.g., pyridineaUqrl, optionaUy substituted with methyl or halogeai; 
dihydropyridine alkyl optionally substituted with €,-€24 alkyl; thiophenealkyl optionally 
substituted with methyl or halogen; an aryl as discussed herein; an aUyl; or fiiranalkyl 
optionally substituted with methyl or halogen. 

[0033] Amines also include cycUc amines, such as piperidine or piperazine, or cyclic 
amines such that the compound of Formula I would, for example, contain a cyclic amine 
comprising NIO and CI 1 of Formula I. Amides include any group of the structure: - 
NHCOR, wherein R is defined as above for amines. 

[0034] X of Formula I can be a sumir-containing substituent, su(A as a sulphonamide, a 
sulfide, a sulphoxide, a sulphone, a sulphite, a bisulphate, a thiocarbamate, and a cyclic 
thiocarbamate. Sulphonamides mclude any group of structure: -NHSOOR, wherein R is 
defined as above for amines. Sulfides include any group of structure: -SR, wherein R is 
defined as above for amines, but R also can be cysteine or glutathione. Sulphoxides are any 
group of structure -SOR, wherein R is defined as above for amines. Sulphones include any 
group of structure -SOOR, wherein R is defined as above for annnes. Sulphites have the 
structure -SO3. Bisulphites have the structure: .OSO3. Thiocarbamates include any group 
of stracture -OCSNHR, wherein R is defined as above for amines. Cyclic thiocarbamates 
of Formula I can be formed, such that NIO and CI 1 are a part of the cycUc thiocarbamate. 
[0035] X of Formula I can be any oxygen-containing substituent, such as an ether, a 
silyl ether, a trialkyl ether, an ester, a carbonate, a carbamate, a cyclic carbamate, or an 
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acetate. Ethersincludeany group of structure: -OR, wherein R is defined as above for 
amines, but R can also be an arene, CH2XR, or 0112012X11, wherein X' is N, S, or O. Silyl 
ethers have the formula -OSiHs, whereas silyl triaHcyl ethers have the formula -OSiRRH", 
wherein each of R, R*, and R" is independently any of the subsdtuents defined for R of the 
amines. Esters (e.g., acetates) include any group of structure: -OCOR, wherein R is 
defined as above for amines. Carbonates include any group of structure -OCOOR, wherein 
R is defined as above for amines. Carbamates include any group of structure: -OCONHR, 
vrfierem R is as defined for amines. Cyclic carbamates of Formula I can be formed, such 
that NIO and Cll are part of the cyclic carbamate. 

[0036] X of Formula I can be a halo, e.g., CI, F, Br, I, and As, or each can be a 
triphenylphosphonium (-P'^Phs). Each of X and Y can independently be a silyl (-SiHa) or a 
trialkylsilyl (-SiRR'R"), wherein each of R, R', and R" is independently an R as defined for 
amines. 

[0037] X of Formula I can be an amino acid-derived group. The term "ammo acid- 
derived group" as used herein refers to any substituent that is derived firom an amino acid. 
Amino acid-derived groups include any group of structure: 




CHRCO2H 



\^erem each of R, R*, and R" is independently selected firom the group consisting of H; a 
Ci-Cg alkyl optionally substituted by an amine or a carboxylate; an aryl; an arylalkyl; and a 
heterocycle. Preferably, each of R, R', and R" are, independently, H, CH3, benzyl, 
(CH2)4NH2, or CH2COOH. 

[0038] X of Formula I can be a phosphorus-containing group. The phosphorus- 
containing group can be a phosphoric groiq), a phosphorus group, a phosphonic acid groiq), 
or a phosphonous acid group. The phosphorus-containing groiq) can have one of the 
following structures: 
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or 



HO 



^ \// 

P R 

/ 
H 



wherein R is Ci-Cg alkyi optionally substituted by an aryl, a heterocycle, an alkoxy, a halo, 
an amine, or carboxylate; an aryl; or a heterocycle, 

[0039] Exemplary substituent groups from which X of Formula I can be selected 



include: 



C OR, 

C NH 

\ 

sAA/^0 S 



V 



0 OR, 



C NH 

\ 

R. 



C (CHR)u ^ 



OR. 
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\/ 



C (CHR)u SR'^ 





C (CHR)u NR'R" 

,0 



C (CHR)u PR»R" 




(CHR)„ i 



/ 



\ 



OH 



wherein each of R, R', and R" is independently selected from the group consisting of H; Ci- 
Cg alkyl optionally substituted by an aryl, a heterocycle, an alkoxy, a halo, an amine, or 
carboxylate; an aryl; and a heterocycle, and wherein u is any integer, for example, from 1 to 
about 16, e.g. from 1 to about 12, from 1 to about 10, or from 1 to about 5. 
[0040] X also can be an amide having the structure: 



wherein each of R and R' is,independently H; Ci-Cg alkyl optionally substituted by an aryl; 
a heterocycle, an alkoxy, a halo, an amine, or carboxylate; an aryl; arylalkyl or a 
heterocycle, 

[0041] X of Formula I can be a monohydroxylic group (e.g., an alcohol), or a 
polyhydroxylic group (e.g., a diol or polyol), such as a group derived from a sorbitol, a 
polyethylene glycol (PEG), a polymer, or a sugar. Exemplary such substituents have one of 
the following structures: 



R 



/ 




R' NH 




OH. 
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O OH 

HO 




wherein B is O, B is attached to the cyclopentyloxy ring at any carbon of the ring, at the 
carbon to which B is attached, A is H, and, at the other carbons m the cyclopentyloxy ring 
(at the carbons where B is not attached to the ring), A is -OH; or 

A 

>/w^B (PEG) 

I 

wherein B is 0, B is attached to any carbon of PEG, at the carbon to which B is attached, A 
is H, and, at the other carbons of PEG (at the carbons where B is not attached to PEG), A is 
-OH. 

[00421 Y of Formula I can be any of the substituents described herein as suitable for X, 

and can be the same as or different from X. Preferably, Y is the same as X. 

[0043] Preferred compounds of the invention include those in which each of X and Y of 

Formula I is OH, or X is OH and Y is H. Other preferred compounds include those in 

which each of X and Y is OR, or X is OR and Y is H, wherein in R is preferably an alkyl, 

such as a Ci-Cg alkyl (e.g., methyl, propyl, isopropyl, butyl, or t-butyl). 

[0044] Each of and of Formula I is independently 0, S, or NR V Preferably, each 

of T and is O, p is 3-5 (more preferably p is 3), and Z is -<:H2-. When either or both of 

and are NR^ R^ is preferably H. Also prefened is that each of R^ and R"* is a Ci-Cr 
alkyl, more preferably CH3. Desirably, the bond between R^ and the carbon to which R^ is 
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attached is a double bond and is a divalent radical derived from an alkane, an aromatic 
hydrocarbon, or a heterocycle. More preferably, is a divalent radical derived from an 
alkane, such as a Ci-Cg alkane (e.g., CH2). It is similarly preferred that the bond between 
R^ and the carbon to which R^ is attached is a double bond and R^ is a divalent radical 
derived from an alkane, an aromatic hydrocarbon, or a heterocycle. More preferably, R^ is a 
divalent radical derived from an alkane, such as a Ci-Cg alkane (e.g., CH2). 
[0045] Preferred compounds of Formula I include: 




and 
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CH2, 



[0046] Other preferred compounds of Formula I include 




wherein R is an alkjd; a C2-C24 alkenyl; C2-C24 alkynyl; a cyclohexylalkyl; a C3-C26 
alkoxyacetyl; a naphthalenalkyl optionally substituted with methyl or halogen; a phenyl (C2- 
C24 alkenyl), wherein the phenyl is optionally substituted with me&yl or halogen; a 
cinnamyl; a pyridinealkyl optionally substituted with methyl or halogen; a dihydropyridine 
alkyl optionally substituted with C1-C24 aUcyl; a thiophenealkyl optionally substituted with 
methyl or halogen; an aryl; an allyl; a fiiranalkyl optionally substituted with methyl or 
halogen; cysteine; glutathione; or a group of structure 



wherem each of Y and Y* is independently hydrogen, C1-C24 alkyl, C1-C24 alkoxy, or 
halogen, or Y and Y' together form 3,4-methylenedioxy, and Y" is hydrogen, C1-C24 alkyl, . 
CrC24 alkoxy or halogen. Preferably, R is a group of structure 




r 
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wherein each of Y and Y* is independently hydrogen, Ci-Cg alkyl, Ci-Cg alkoxy, or halogen, 
or Y and Y together form 3,4-methylenedioxy, and Y" is hydrogen, Ci-Cg alkyl, Ci-Cg 
alkoxy or halogen. More preferably, Y and Y* are hydrogen, and Y" is hydrogen, a Ci-Cg 
alkyl, especially methyl, ethyl, propyl, isopropyl, butyl, or t-butyl, or a Ci-Cg alkoxy, 
especially methoxy, propoxy, or butoxy, 
[0047] Still other preferred compounds of Formula I include 




wherein R is an alkyl; a C2-C24 alkenyl; a cyclohexylalkyl; a C3-C26 alkoxyacetyl; a 
naphthalenalkyl optionally substituted with mefliyl or halogen; phenyl (C2-C24 alkenyl), 
wherein the phenyl is optionally substituted with methyl or halogen; cinnamyl; 
pyridinealkyl optionally substituted with methyl or halog^; dihydropyridine alkyl 
optionally substituted with C1-C24 alkyl; thiophenealkyl optionally substituted with methyl 
or halogen; an aryl; an allyl; furanalkyl optionally substituted with methyl or halogen; or a 
group of structure 




r 

9 



wherein each of Y and Y* is independently hydrogen, CrC24 alkyl, C1-C24 alkoxy, or 
halogen, or Y and Y* together form 3,4-melhylenedioxy, and Y" is hydrogen, C1-C21 alkyl, 
C1-C24 alkoxy or halogen. Preferably, R is a group of structure 

r 
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wherein each of Y and Y* is independently hydrogen, CpCg alkyl, Ci-Cs alkoxy, or halogen, 
or Y and V together form 3,4-methylenedioxy, and Y" is hydrogen, Ci-Cg alkyl, CrCs 
alkoxy or halogen. More preferably, Y and Y* are hydrogen, and Y" is hydrogen, a CpCg 
alkyl, especially methyl, ethyl, propyl, isopropyl, butyl,.or t-butyl, or a Ci-Cg alkoxy, 
especially methoxy, propoxy, or butoxy. 

[0048] The compounds of Formula I of the present inventive methods can be in the 
form of a salt, which is preferably a phaimaceutically acceptable salt Suitable 
pharmaceutically acceptable acid addition salts include those dmved bom non-toxic 
organic or inorganic acid addition salt of the base compounds. Illustrative inorganic acids 
which form suitable salts include hydrochloric, hydrobromic, sulfuric, phosphoric acids, 
metaphosphoric, and nitric acids and acid metal salts, such as sodium monohydrogen 
orthophosphate and postassium hydrogen sulfate. Illustrative organic acids which form 
suitable salts include the mono, di, and tricarboxylic acids. Illustrative of such acids are, for 
instance, acetic, glycolic, lactic, pyruvic, malonic, succinic, glutaric, fumaric, malic, tartaric, 
citric, ascorbic, maleic, hydroxymaleic, benzoic, hydroxybenzoic, phenylacetic, cinnamic, 
salicyclic, and 2-phenoxybenzoic acids. Other organic acids which form suitable salts are 
the sulfonic acids (e.g., methane sulfonic acid), gluconic, arylsulphonic acids (e.g.,/;- 
toluenesulphonic acid), and 2-hydroxyethane sulfonic acid. These salts and base 
compounds can exist in either a hydrated or a substantially anhydrous form. The acid salts 
can be prepared by standard techniques, such as by dissolving the free base in aqueous or 
aqueous-alcohol solution or other suitable solvent containing the appropriate acid and 
isolating, e.g., by evaporating the solution, or by reacting the free base in an organic solvent 
in which case the salt can separate directiy or can be obtained by concentration of the 
solution. Preferably, the acid addition salts of the compounds of this invention are 
crystalline materials, which are soluble in water and various hydrophilic organic solvents 
and which in comparison to their free base forms, demonstrate higher melting points and an 
increased stability. 

[0049] Accordmg to the foregoing aspect of the invention, the compound of Formula I 
is a solid. However, according to the related aspects of the invention described below, the 
compound of Formula I can be a liquid or a solid. Nevertheless, according to any aspect of 
the invention, the compound of Formula I is preferably a solid, e.g., a crystalline solid. By 
"solid," it is meant that the compound is a solid at room temperature (e.g., about 20-25 **C). 
The compound of Foimula I can be of any stereochemistry. Preferably, the compound of 
Formula I has the S stereochemistry at the CI la position, CI I'a position, or at both 
positions. 

[0050] In a first related aspect, the invention provides a compound of Formula I: 
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(Formula I) 

wherein X is a substituent selected from the group consisting of an OH, an ether, a 
silyl ether, a trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cycKc 
carbamate, a cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a 
sulphite, a bisulphite, a sulphonamide, an amine, an amide, an azido, a cyano, a halo, a 
triphenylphosphonium, a silyl, a trialkyl silyl, an amino acid- derived group, and a 
phosphorus-containing group; 

wherein the bond between the carbon to which Y is attached and the N of NR^ to 
which the carbon is attached is a single bond or a double bond, wherein, when the bond is a 
double bond, is absent and Y is H, and, when the bond is a single bond, is H and Y is 
a substituent selected from the group defined for X, wherein Y is optionally the same as X; 

wherein each of and is independently O, S, or NR^; 

wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of which 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^ R\ R^ is independently a hydrogen; a C1-C24 alkyl, C2-C24 
alkenyl, or C2-C24 alkynyl optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherem the bond between R^ and the carbon to v^ch R^ is attadied is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and r' is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
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bond is a single bond, and are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; or a salt thereof; 

provided that, when each of R^ and R^ is CH2 attached by a double-bond, R^ and R^ 
are absent, R^ and R"* are CH3, R^ is H, and are both O, Z is CH2, and p is 3, then X 
and Y are not both methoxy, both ethoxy, or both hydroxyl; and when each of R^ R^, R^, 
and R^ are H, then X and Y are not both sulfide or both ether. 
[0051] In another related aspect, the invention provides a compound of Formula I: 




(Formula I) 

wherem X is a substituent selected from the group consistmg of a silyl ether, a 
trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cyclic carbamate, a 
cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a sulphite, a 
bisulphite, a sulphonamide, an amine, an amide, an azido, a cyano, a halo, a 
triphenylphosphonium, a silyl, a trialkyl sOyl, an^amino acid-derived group, and a 
phosphorus-containing group; 

wherem the bond between the carbon to which Y is attached and the N of NR^ to 
which the carbon is attached is a single bond or a double bond, wherein, when the bond is a 
double bond, R^ is absent and Y is H, and, when the bond is a single bond, R^ is H and Y is 
a substituent selected from the group defined for X, Mrfherein Y is optionally the same as X; 

wherein each of and is independently 0, S, or NR*; 

wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of which 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^, R\ and R* is independently a hydrogen; a C1-C24 alkyl, C2-C24 
alkenyl, or C2-C24 alkynyl optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromefliyl; 
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wherein the bond between and the carbon to which is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R and R^ are independently selected from the group consisting of a 
Ci-Cg alkyl, an aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the groiq) consisting of Ci- 
Cg alkyl, aryl, and a heterocycle; or a salt thereof. 

[0052] The compounds described above can be prepared by any sxiitable method. In 
embodiments, the compounds of Formula I described herein can be synthesized by the 
methods described in the Examples or other similar methods. In this regard, the invention 
also provides a method of preparing a compound of Formula I: 




(Formula I) 

wherein'Xis OH, 

wherein the bond between the carbon to which Y is attached and the N of NR^ to 
which the carbon is attached is a single bond or a double bond, wherein, when the bond is a 
double bond, R^ is absent and Y is H, and, when the bond is a single bond, R^ is H and Y is 
OH; 

wherem each of and is independently 0, S, or MR*; 

wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of wWch 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^, R*, and R* is independently a hydrogen; a C1-C24 alkyl, C2-C24 
alkenyl, or C2-C24 alkynyl, optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 
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wherein the bond between and the carbon to which is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; and 

v\*erein the bond between R^ and the carbon to which R^ is attached is a smgle bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R*^ are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; 

or a salt thereof; and 



wherein the compound is a solid; 
which method comprises: (a) providing a compound of Fomiula II: 




(Formula II) 

wherein the definitions of R^ R^ R^ R'*, R^ R^ T^ Z, and p are the same as those for 
Formula I; and (b) contacting the compound of Formula II with water, whereby a solid 
compound of Formula I is formed. 

[0053] Preferably, the method comprises contacting the compound of Formula n with 
water in a solvent system, wherein the solvent system comprises an organic solvent, such as 
a water-miscible aprotic solvent, and water. The solvent system can comprise any suitable 
amount of water. Preferably, the solvent system comprises at least 10% (v/v) water. More 
preferably, the solvent system comprises at least 30% (v/v) water. Most preferably, the 
solvent system comprises at least 40% (v/v) water. 

[0054] The organic solvent can be any water-miscible organic solvent, preferably a 
water-miscible ^rotic organic solvent, such as acetonitrile, THF, DMA, DMSO, and the 
like. Preferably, the organic solvent is acetonitrile. 

[0055] Methods of obtaining a compoxmd of Formula n suitable for use in the mediod 
of the invention are known in the art (see, for instance, Gregson et al., 1 Med, Chem. 44: 
737-748 (2001);. see also Example 1 herein). The compound of Formula II can be contacted 
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with water by any suitable method. For example, the compound of Foraiula II can be mixed 
with water or a water-containing solvent system, or the compound of Formula II can be 
sprayed with water or water vapor. 

[0056] In a related aspect, the invention provides a method of preparing a compound of 
Formula I: 



or' R^O' 





(Formula I) 

wherein X is a substituent selected from the group consisting of an ether, a silyl 
ether, a trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cyclic 
carbamate, a cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a 
sulphite, a bisulphite, a sulphonamide, an amine, an amide, an azido, a cyano, a halo, a 
triphenyiphosphoniimi, a silyl, a trialkyl silyl, an amino add-derived group, and a 
phosphorus-containing group; 

wherein the bond between the carbon to which Y is attached and the N of NR^ to 
which the carbon is attached is a single bond or a double bond, wherein, when the bond is a 
double bond, is absent and Y is H, and, when the bond is a single bond, R^ is H and Y is 
a substituent selected from the group defined for X, wherein Y is optionally the same as X; 

wherein each of and is independently O, S, or NR^; 

wherein Z is a divalent radical of an alkane, an alkene, or an allcyne, any of \^ch 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^, R^ and R* is mdq)endently a hydrogei^ a Ci-C24 alkyl, C2-C24 
alkenyl, or C2-C24 alkynyl optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
all^l, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein the bond between R' and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the groiq) consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; and 



wo 2005/040170 



21 



PCT/ljS2004/035050 



wherein the bond between and the carbon to which is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and v/htn the 
bond is a smgle bond, R^ and R^ are independently selected from the groiq) consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; 

or a salt thereof; and 

wherein the compound is a solid, 
which method comprises: (a) providing a compound of Fonnula H: 




(Formula II) 

wherem the definitions of R^ R^, R^, R^, k\ R^ T\ T\ Z, and p are the same as those for 
Formula I; and (b) combining the compound of Fonnula H with a nucleophilic organic 
reactant, e.g., wherein the nucleophilic part of the nucleophilic organic reactant provides X, 
whereby a solid compound of Formula I is formed. 

[0057] In another aspect, the invention provides a method of preparing a compound of 
Fonnula I: 




(Fonnula I) 

wherem X is a substituent selected from the group consisting of an OH, an ether, a 
silyl ether, a trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cyclic 
carbamate, a cycUc thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a 
sulphite, a bisulphite, a sulphonamide, an amine, an amide, an azido, a cyano, a halo, a 
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triphenylphosphonium, a silyl, a trialkyl silyl, an amino acid-deri ved group, and a 
phosphorus-containing group; 

wherein the bond between the caibon to which Y is attached and the N of NR^ to 
which the carbon is attached is a single bond or a double bond, wherem, when the bond is a 
double bond, R'^ is absent and Y is H, and, when the bond is a single bond, is H and Y is 
a substituent selected from the group defined for X, wherein Y is optionally the same as X; 

wherein each of and t^is independently O, S, or NR*; 

wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of which 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^ R^ and R^ is independently a hydrogen; a C1.C24 alkyl, C2-C24 
alkenyl, or C2-C24 alkynyl, optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein the bond between R^ and the carbon to which R' is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of H, 
Ci-<;:8 alkyl, aryl, and a heterocycle; 

or a salt thereof; and 

provided that, when each of R* and R^ is CH2 attached by a double-bond, R^ and R*^ 

are absent, R^ and RVe CH3, R^ is H, and are both O, Z is CH2, and p is 3, then X 
and Y are not both methoxy, both ethoxy, or both hydroxyl; and when each of R^ R^ R^ 
and R^ are H, then X and Y are not both sulfide or both ether; 

which method comprises: (a) providing a compound of Formula H: 
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wherein the definitions of R^ R^ R^ K\ R^ R^ T\ T^, Z, and p are the same as those for 
Formula I; and (b) combining the compoxind of Formula II with a nucleophilic organic 
reactant, e.g., wherein the nucleophilic part of the nucleophilic organic reactant provides X, 
whereby the solid compound of Formula I is formed. 

[0058] The invention further provides a'method of preparing a compound of Formula I: 




(Formula I) 

wherein X is a substituent selected from the group consisting of a silyl ether, a 
trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cyclic carbamate, a 
cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a sulphite, a 
bisulphite, a sulphonamide, an amine, an amide, an a:ddo, a cyano, a halo, a 
triphenylphosphonium, a silyl, a trialkyl silyl, an amino acid-derived group, and a 
phosphorus-containing group; 

wherein the bond between the carbon to which Y is attached and the N of NR^ to 
which the carbon is attached is a single bond or a double bond, wherein, when the bond is a 
double bond, R' is absent and Y is H, and, when the bond is a single bond, R^ is H and Y is 
a substituent selected firom the group defined for X, wherein Y is optionally the same as X; 

\^erein each of and is independently 0, S, or NR*; 
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wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of which 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^ R"*, and is independently a hydrogen; a CrC24 alkyl, C2-C24 
alkenyl, or C2-C24 alkynyl, optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, H, and an amine; or an aryl optionally substituted with 
an alkyl, an aryl, an alkoxy, a halo, an amme, a hydroxy, or a trifluoromethyl; 

wherein the bond between and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of Cp 
Cg alkyl, aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and vdien the 
bond is a single bond, R^ and R^ are independently selected from the groiq) consisting of Ci- 
Cg alkyl, aryl, and a heterocycle; 



or a salt thereof; and 
which method comprises: (a) providing a compound of Formula II: 




(Formula II) 

wherein the definitions of R^ R^, R^ R\ R^ R^ T^ Z, and p are the same as those for 
Formula I; and (b) combining the compound of Formula II with a nucleophiUc reactant, e.g., 
wherein the nucleophiUc part of the nucleophilic organic reactant provides X, and whereby 
the solid compound of Formula I is formed. 

[0059] Suitable nucleophilic reactants for use in conjunction with the invention include 
any reactant comprising a nucleophilic part cqmble of nucleophilic addition to the NlO-Cl 1 
position of the compoimd of Formula I to provide the desired substituent at position X. Of 
course, the choice of any particular nucleophilic organic reactant will depend upon the 
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desired substituent. Preferred Ducleophilic reactants include alcohols (e.g., methanol, 
elhanol, n-propanol, isopropanol, t-butanol, etc.), thiols, such as aryl thiols (e.g,, thiophenol 
and alkylthiophenol), and amines, such as alkyl amines (e.g., t-butylamine). The compound 
of Formula I can be combined with the nucleophilic organic reactant by any suitable 
method, such as by mixing. 

[0060] Preferred methods for preparing a compound of Formula I provide the 
compound as a solid. Accordingly, any of the methods provided herein may further 
comprise a step by which the compound of Formula I is precipitated &om the solvent or 
reactant (e.g., water, water/solvent mixture, or nucleophilic organic reactant). 
[0061] The methods for preparing a compound of Formula I also can comprise isolating 
the compound of Formula I from any excess solvent or reactant that may be present. 
Isolation of the soUd compound of Formula I can be performed using any suitable method. 
When the compound of Formula I is a solid, it is preferred that the compound is isolated by 
evaporating the excess solvent or reactant, such as by applying a vacuum. 
[0062] The compounds of Formula I are useful in a number of methods. For example, 
the compounds can be used to regulate gene expression, e.g., regulate transcription. In 
particular, the compounds can be used to inhibit gene expression. Without being boimd to 
any particular theory, the compounds of Formula I are believed to have the ability to bind 
irreversibly to DNA or related nucleic acid molecules in a sequence-specilGc manner. In 
this regard, the compounds of Formula I can be used to stabilize or cross-link DNA or a 
related nucleic acid molecule. Also, tibe compoimds can be used to inhibit endonuclease 
activity or to detect the presence or absence of an oligonucleotide comprising the nucleotide 
sequence, which is recognized by the compounds of Formula L In this respect, the 
compounds of Formula I can be used in methods of detecting oligonucleotides, which are 
representative of a disease or condition (e.g., a predisposition to a disease, or a viral, 
parasitic or bacterial infection; etc.), for the purpose of diagnosing the disease or condition. 
[0063] More importantly, the compounds of Formula I can be used to inhibit growth of 
a cell, to treat cancer or an infection due to a virus, parasite, or bacteria. In this regard, the 
invention provides a method of inhibiting growth of a cell. The method comprises 
administering to the cell in an amount effective to inhibit growth of a cell a compound of 
Formula I as described herein. A method of treating cancer in a mammal is further 
provided. The method comprises admmistering to the mammal in an amount effective to 
treat cancer a compound of Formula I as described herein. The invention also provides a 
method of treating a viral, parasitic, or bacterial mfection of a cell. The method comprises 
administering to the cell in an amount effective to treat a viral, parasitic, or bacterial 
infection a compound of Formula I as described herein. 
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[0064] As used herein, the term "inhibit," and words stemming therefrom, do not 
necessarily imply 100% or complete inhibition. Rather, there are varying degrees of 
inhibition of which one of ordinary skill m the art recognizes as having a potential benefit or 
therapeutic effect. In this regard, a compound of Formula I can inhibit growth of a cell to 
any extent. Preferably, the compound of Formula I achieves at least 10% inhibition of cell 
growth as compared to the cell growth that takes place in the absence of any compound of 
Formula L It is more preferred that the compound of Formula I achieves at least a 50% 
mhibition of cell growth as compared to growth that takes place m the absence of any 
compound of Formula 1. Most preferred is that the compound of Formula I achieves at least 
a 90% inhibition of cell growth as compared to the cell growth that occurs in the absence of 
any compounds of Formula 1. By "growth," as used herein, is nieantthe proliferation of 
cells. Cell growth is hallmarked by DNA synthesis, for example. ' 
[0065] As used herein, the term "treat," and words stemming therefrom, do not 
necessarily imply 100% or complete treatment. Rather, there are varying degrees of 
treatment of which one of ordinary skill in the art recognizes as having a potential benefit or 
ther^utic effect. In this regard, a compound of Formula I can treat cancer or a viral, 
parasitic, or bacterial infection to any extent. Preferably, the compound of Formula I 
reduces the amount of virus, parasite, or bacteria in the cell by at least 10%. More 
preferably, the compound of Formula I reduces the amount of virus, parasite, or bacteria in 
the cell by at least 50%, and, more preferably, the amount is reduced upon the 
administration of the compound by at least 90%. The compound of Formula I can treat the 
cancer, for example, by reducing the tumor grovrth rate or size or by reducing the rate of 
metastasis of the cancer cells from the tumor. In this regard, the compound preferably 
reduces the tumor growtii rate or size by at least 10%. More preferably, die compound 
reduces the tumor growth rate or size by at least 50%. Most preferably, the compound of 
Formula I reduces the tumor growth rate or size by at least 90%. 
[0066] The infection to be treated by the compound of Formula I can be an infection of 
any virus, parasite, bacteria, or any other pathogerL The virus can be, for instance, a herpes 
virus, an adenovirus, a lentivirus, a Epstein-Barr virus, a human immunodeficiency virus, a 
West Nile virus, a Severe Acute Respiratory Syndrome virus, a smallpox virus, a polio 
virus, a hepatitis virus, a varicella virus, or a cytomegaolvirus. The parasite can be, for 
example, a leshmania, a trypanosome, a hookwork, or an amoeba (e.g., acanthamoeba). The. 
bacteria can be, for instance, a staphylococcus, a salmonella, a mycobacteria, a 
streptococcus, anthrax, a Clostridium, a botulinum, or an Escherichia coli, 
[0067] With respect to the invention, the compoimds of Formula I can be a part of a 
composition, such as a pharmaceutical composition. In this regard, the invention provides a 
pharmaceutical composition comprising a compound of Formula I as described herein and a 
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pharmaceutically acceptable carrier. The pharmaceutical composition can comprise more 
than one active ingredient, such as more than compound of Foimuia I, or can comprise a 
compound of Formula I in combination with another pharmaceutically active agent or drug, 
i,e;, one that is not a compound of Formula I. 

[0068] The composition can comprise a carrier, which can be any suitable carrier. 
Preferably, the carrier is a pharmaceutically acceptable carrier. With respect to 
phamiaceutical compositions, the carrier can be any of tiiose conventionally used and is 
limited only by chemico-physical considerations, such as solubility and lack of reactivity 
with the active compound(s), and by the route of administration. It will be appreciated by 
one of skill in the art that, m addition to the following described pharmaceutical 
composition, the mhibitors of the present inventive methods can be formulated as inclusion 
complexes, such as cyclodextrin inclusion complexes, or liposomes. 
[0069] The pharmaceutically acceptable carriers described herein, for example, 
vehicles, adjuvants, excipients, and diluents, are well-known to those skilled in the art and 
are readily available to the public. It is preferred that the pharmaceuticaliy acceptable 
carrier be one which is chemically inert to the active compound(s) and one which has no 
detrimental side effects or toxicity under the conditions of use. 

[0070] The choice of carrier will be determined in part by the particular compound of 
Formula I, as well as by the particular method used to administer the compound. 
Accordingly, there are a variety of suitable formulations of the pharmaceutical composition. 
The following formulations for oral, aerosol, parenteral, subcutaneous, intravenous, 
intramuscular, interperitoneal, rectal, and vaginal administration are exemplary and are in 
no way limiting. One skilled in the art will appreciate that these routes of administering a 
compound of the mvention or a pharmaceutical composition comprising a compound of 
Formula I are known, and, although more than one route can be used to administ^ a 
particular compound, a particular route can provide a more immediate and more efifective 
response than another route. 

[0071] Injectable formulations are among those formulations that are preferred in 
accordance with the invention. The requirements for effective pharmaceutical carriers for 
injectable compositions are well-known to those of ordinary skill in the art (see, e.g., 
Pharmaceutics and Pharmacy Practice^ J.B. Lippincott Company, Philadelphia, PA, 
Banker and Chabners, eds., pages 238-250 (1982), and ASHP Handbook on Injectable 
Drugs, Toissel, 4th ed., pages 622-630 (1986)). 

[0072] Topical formulations are well-known to those of skill in the art. Such 
formulations are particularly suitable in the context of the invention for application to the 
skin. 
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[00731 Formulations suitable for oral administration can consist of (a) liquid solutions, 
such as an effective amount of the inhibitor dissolved in diluents, such as water, saline, or 
dextrose solutions; (b) capsules, sachets, tablets, lozenges, and troches, each containing a 
predetermined amount of the active mgredient, as solids or granules; (c) powders; (d) 
suspensions in an appropriate liquid; and (e) suitable emulsions. Liquid formulations may 
include diluents, such as water and alcohols, for example, ethanol, benzyl alcohol, and the 
polyethylene alcohols, either wifli or without the addition of a pharmaceutically acceptable 
surfactant C^sule forms can be of the ordinary hard- or soft-shelled gelatin type 
contaming, for example, surfactants, lubricants, and inert fillers, such as lactose, sucrose, 
calcium phosphate, and com starch. Tablet forms can include one or more of lactose, 
sucrose, mannitol, com starch, potato starch, alginic acid, microcrystalline cellulose, acacia, ' 
gelatin, guar gum, colloidal silicon dioxide, croscaimellose sodium, talc, magnesium 
stearate, calcium stearate, zinc stearate, stearic acid, and other excipients, colorants, 
diluents, buffering agents, disintegrating agents, moistening agents, preservatives, flavoring 
agents, and pharmacologically compatible excipients. Lozenge forms can comprise the 
active ingredient in a flavor, usually sucrose and acacia or tragacanth, as well as pastilles 
comprising the active ingredient in an inert base, such as gelatin and glycerin, or sucrose 
and acacia, emulsions, gels, and the like containing, in addition to the active ingredient, 
such excipients as are known in the art i 

[0074] The compounds of Formula I, alone, in combmation with another compound of 
Formula I, or in combination with othor suitable components, can be made into aerosol 
formulations to be administered via inhalation. These aerosol formulations can be placed 
into pressurized acceptable propellants, such as dichlorodifluoromethane, propane, nitrogen, 
and the like. They also may be formulated as pharmaceuticals for non-pressured 
preparations, such as in a nebulizer or an atomizer. Such spray formulations also may be 
used to spray mucosa. 

[0075] Formulations suitable for parenteral administration include aqueous and 
non-aqueous, isotonic sterile injection solutions, which can contain anti-oxidants, buffers, 
bacteriostats, and solutes that render the formulation isotonic with the blood of the intended 
recipient, and aqueous and non-aqueous sterile suspensions that can include suspending 
agents, solubilizers, thickening agents,, stabilizers, and preservatives. The claimed 
compounds can be administered m a physiologically acceptable diluent m a pharmaceutical 
carrier, such as a sterile liquid or mixture of liquids, including water, saline, aqueous 
dextrose and related sugar solutions, an alcohol, such as ethanol, isopropanol, or hexadecyl 
alcohol, glycols, such as propylene glycol or polyethylene glycol, dimethylsulfoxide, 
dimethylacetamide, glycerol ketals, such as 2,2-dimethyH,3-dioxolane-4-methanol, ethers, 
such as poly(ethyleneglycol) 400, an oil, a fatty acid, a fatty acid ester or glyceride, or an 
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acetylated fatty acid glyceride with or without the addition of a pharmaceutically acceptable 
surfactant, such as a soap or a detergent, suspending agent, such as pectin, carbomers, 
methylcellulose, hydroxypropyhnethylcellulose, or carboxymethylceUulose, or emulsifying 
agents and other pharmaceutical adjuvants. 

[0076] Oils, which can be used in parenteral formulations mclude petroleum, animal, 
vegetable, or synthetic oils. Specific examples of oils mclude peanut, soybean, sesame, 
cottonseed, com, olive, petrolatum, and mineral. Suitable fatty acids for use in parenteral 
formulations include oleic acid, stearic acid, and isostearic acid. Ethyl oleate and isopropyl 
myristate are examples of suitable fatty acid esters. 

[0077] Suitable soaps for xjse in parenteral formulations include fatty alkaU metal, 
ammonium, and triethanolamine salts, and suitable detergents include (a) cationic 
detergents such as, for example, dimethyl dialkyl ammonium halides, and alkyl pyridinium 
halides, (b) anionic detergents such as^ for example, alkyl, aryl, and olefin sulfonates, alkyl, 
olefin, ether, and monoglyceride sulfates, and sulfosuccinates, (c) nonionic detergents such 
as, for example, fatty amine oxides, fatty acid alkanolaraides, and 

polyoxyethylenepolypropylene copolymers, (d) amphoteric detergents such as, for example, 
alkyl-b-aminopropionates, and 2-alkyl-imidazoline quaternary ammonium salts, and (e) 
mixtures thereof. 

[0078] The parenteral formulations will typically contain from about 0.1% to about 5% 
by weight of the active ingredient in solution. Preservatives and buffers may be used. In 
order to minimize or eliminate irritation at the site of injection, such compositions may 
contain one or more nonionic surfactants having a hydrophile-lipophile balance (HLB) of 
fi-om about 12 to about 17. The quantity of surfactant m such formulations will typically 
range firom about 5% to about 15% by weight. Suitable surfactants include polyethylene 
sorbitan fatty acid esters, such as sorbitan monooleate and the high molecular weight 
adducts of ethylene oxide with a hydrophobic base, formed by the condensation of 
propylene oxide with propylene glycol. The parenteral formulations can be presented in 
unit-dose or multi-dose sealed containers, such as ampoules and vials, and can be stored in a 
fi-eeze-dried (lyophilized) condition requiring only the addition of the sterile liquid 
excipient, for example, water, for injections, immediately prior to xise. Extemporaneous 
injection solutions and suspensions can be prepared fiom sterile powders, granules, and 
tablets of the kind previously described. 

[0079] Additionally, the present mventive compounds, or compositions comprising a 
compoimd of Formula I, can be made into suppositories by mixing with a variety of bases, 
such as emulsifying bases or water-soluble bases. Formulations suitable for vaginal 
administration can be presented as pessaries, tampons, creams, gels, pastes, foams, or spray 
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formulas containing, in addition to the active ingredient, such carriers as are known in the 
art to be appropriate. 

[0080] One of ordinary skill in the art will readily appreciate that the compounds of 
Formula I can be modified in any number of ways, such that the therapeutic efficacy of the 
inhibitor is increased through the modification. For instance, the compound could be 
conjugated either directly or indirectly through a linker to a targeting moiety. The practice 
of conjugatmg compounds to targeting moieties is known in the art. See, for instance, 
Wadwa et al., J, Drug Targeting 3:111 (1995), and U.S. Patent No. 5,087,616. The term 
"targetmg moiety" as used herein, refers to any molecule or agent that specifically 
recognizes and binds to a cell-surface receptor, such that the targeting moiety directs the 
delivery of the compound to a population of cells on which surface the receptor is 
expressed. Targeting moieties include, but are not limited to, antibodies, or firagments 
thereof, peptides, hormones, growth factors, cytokines, and any other naturally- or non- 
naturally-existing ligands, vsWch bind to cell surface receptors. The term "linker" as used 
herein, refers to any agent or molecule that bridges the compound to the targeting moiety. 
One of ordinary skill in the art recognizes that sites on the compound, which are not 
necessary for the ftmction of the compound, are ideal sites for attaching a linker and/or a 
targeting moiety, provided that the linker and/or targeting moiety, once attached to the 
compound, do(es) not interfere with the function of the compound, i.e., the ability to inhibit 
growth of a cell, treat cancer in a mamml, or treat a viral, parasitic or bacterial infection of a 
ceU. 

[0081] Alternatively, the compounds of Formula I can be modified into a dqwt form, 
such that the manner in which the compound is released into the body to which it is 
administered is controlled with respect to time and location within the body (see, for 
example, U.S. Patent No. 4,450,150). Depot forms of compounds can be, for example, an 
implantable composition comprising the compound and a porous material, such as a 
polymer, wherem the compound is encapsulated by or diflRised throughout the porous 
material. The depot is then implanted into the desired location within the body and the 
compound is released firom the implant at a predetermined rate by dif&ising through the 
porous material. 

[0082] The compound of Formula I can be administered to the cell in vitro. As used 
herem, the term "/w vitro'* means fliat the cell to which the compound is being administered 
is not in a livmg organism. The compound of Formula I alternatively can be administered 
to the cell in vivo. As used herein, the term "in vrvo" means that the ceU is a part of a living 
organism or is the living organism. The compound of Formula I can be administered to a 
host, e.g., a mammal, ex vivo, wherein the compound is administered to cells in vitro and 
the cells are subsequently administered to the host 
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[0083] For purposes of all of the present inventive methods, die amount or dose of the 
compound administered should be sufficient to effect a thempeutic response in the animal 
over a reasonable time frame. Particularly, the dose of the compound of Formula I should 
be sufficient to inhibit growth of a cell or to treat cancer or an infection of a cell within 
about 1-2 hours, if not 3-4 hours, from the time of administration. The dose will be 
determined by the efficacy of the particular compound and the condition of the animal (e.g., 
human), as well as the body weight of the animal (e.g., himian) to be treated. Many assays 
for detetminmg an administered dose are known in the art, some of which ate described 
herein as Example 3. 

[0084] The size of the dose also will be determined by the existence, nature and extent 
of any adverse side effects that might accompany the administmtion of a particular 
compound. Ultimately, the attending physician will decide the dosage of the compound of 
Formula I with which to treat each individual patient, taking into cpnsideration a variety of 
factors, such as age, body weight, general health, diet, sex, inhibitor to be administered, 
route of administration, and the severity of the condition being treated. 
[0085] With respect to the present inventive methods, the cell can be a cell from any 
tissue of any living system. The cell can be a cell of a cultured cell line or a cell obtained 
from a host, e.g., a mammal. Preferably, the cell is located within the host. 
[0086] For purposes herein, the host can be any host, including all prokaryotic species 
and eukaryotic species. In the case that the host is prokaryotic, the cell is the prokaryotic 
cell and not in the prokaryote. Prokaryotic cells include any ceU that lacks a membrane- 
bound nucleus, such as bacterial cells. Eukaryotic cells include cells of yeast, fungi, plants, 
algae, birds, reptiles, and manunals. Preferably, the host is a mammal. For purposes of the 
invention, mammals include, but are not limited to, the order Rodentia, such as mice, and 
the order Logomorpha, such as rabbits. It is preferred that the mammals are from the order 
Camivora, including Felines (cats) and Canines (dogs). It is more preferred that the 
mammals are from the order Artiodactyla, including Bovines (cows) and Swmes (pigs), or 
of the order Perssodactyla, includmg Equines (horses). It is most preferred that the 
mammals are of the order Primates, Ceboids, or Simoids (monkeys) or of the order 
Anthropoids (himians and apes). An especially preferred mammal is the hmnan. 
[0087] In a preferred embodiment of the present inventive method of inhibitmg growth 
of a cell, a host of which the cell is comprised is afOicted with a disease or a condition, 
either of which is caused by hyperproliferation, and the method effectively treats the disease 
or condition. The disease or condition can be, for example, a benign tumor, e.g,, a cyst, 
fibroid, a polyp, and the like. The disease can be one that is resistant to treatment with 
conventional therapy, such as therapy with cisplatin (e.g., certain cancers). The disease, 
which afflicts the host, can be a cancer, such as leukemia, lymphoma, glioma, breast cancer, 
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bone cancer, pancreatic cancer, small cell lung cancer, lung cancer, brain cancer, skin 
cancer, melanoma, naso-pharyngeal cancer, stomach cancer, colon cancer, prostate cancer, 
etc. Preferably, the cancer is ovarian cancer, colon cancer, melanoma, glioma, or breast 
cancer. 

[0088] In a preferred embodiment of the present inventive method of treating a viral, 
parasitic, or bacterial infection of a cell, the cell is in a host and the host is afflicted with a 
disease or condition caused by the viral, parasitic, or bacterial mfection. The disease or 
condition can be, for instance, acquired immunodeficiency syndrome, severe acute 
respiratory syndrom, botulism, African sleeping sickness, a food borne iUness, chicken pox, 
small pox, or a sexually transmitted disease (e.g., HIV, gonorrhea. Chlamydia, herpes 
shnplex; etc.). 

[0089] The following examples further illustrate the invention but, of course, should not 
be construed as in any way limiting its scope. 

EXAMPLEl 

[0090] This example illustrates a method of preparing of 5H-Pyrrolo[2,l - 
c][l,4]benzodiazepin-5-one, 8,8'-[l,3-propanediylbis(oxy)]bis [ll-hydroxy-1,2,3,10, 11, 
1 la-tetrahydro-7-methoxy-2-methylidene-],(l laS,l TaS), in accordance with the present 
invention. The method is illustrated by the 16 step sequence of Figures lA-lG. Each step 
of the procedure is described in the following paiagrs^hs. 

rj'-Bis r2- methoxV'4-(methoxvcarbonvl)phenoxvJDropane (1). Diethyl azodicarboxylate 
(53 g, 0.30 mol) was added, dropwise over 20 min, to a cold (0-5 **C), stirred solution, of 
methyl 4-hydroxy-3-methoxybenzoate (50 g, 0.27 mol), triphenylphosphine (108 g, 0.41 1 
mol), and THF (1 L). This solution was stirred (0-5 °C) for an additional 1 h, then a 
solution of 1,3-propanediol (1 1 g, 0.14 mol) in THF (15 mL) was added dropwise during 30 
mia After stirring at room temperature for 48 h, the precipitated solid was collected, then 
dried to give 43 g (78%) of intermediate (1). Additional reactions were carried out to give a 
total of 191 g of product suitable for further transformation. 
[0091] I \ 3 -Bisf2-methoxV'4'fmethoxvcarbonvl)-5-nitroDhenoxvJ-DroDan^ (2). 
Copper(II) nitrate trihydrate (32.1. g, 0.133 mol) was added portionwise to a stirred, cold (0- 
5 **€) suspension of intermediate (1) (43 g, 0.1 1 mol) in acetic anhydride (1 L). The 
reaction mixture was stirred for 1 h at 0-5 *^C, and 1 6 h at room temperature, and then 
poured into ice water (6.5 L). This mixture was stiired for several hours to decompose the 
acetic anhydride. The solid that precipitated was collected, washed with H2O (400 mL), and 
then dried at 50-60 °C to give 51.3 g (98%) of mtermediate (2). A total of 269 g of product 
suitable for further transformation was prepared. 
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f^'^'^^J 1\3'-Bis f4-carboxv-2^meth oxv-5'mtroDkenoxv7pr/> pfir>P (^} A suspension of 
intenuediate (2) (51.3 g, 0.103 mol) in THF (1 L) and dilute aqueous NaOH (41.6 g, NaOH 
in 1 L H2O) was stirred at 50 °C for 24 h. The reaction mixture was concentrated in vacuo 
to remove THF, then acidified to a pH of 1 with concentrated hydrochloric acid (1 10 mL). 
The precipitated soUd was collected, washed with H2O (400 mL), and then dried in vacuo at 
50 T to give 48.5 g (100%) of intermediate (3). Additional reactions were carried out to 
give a total of 226 g of product suitable for further transformation. 
10093] {2S, 4R) 'N- (Benzvloxvca rbonvl) ''2'Carbox)h4'hvdrox)hmrrolidine (4) . A 
solution of benzyl chloroformate (50 mL, 0.35 mol) m Et20 (160 mL) was added dropwise, 
during 10 min, to a rapidly stirred mixture of trans-4-hydroxy-L-proline (39.8 g, 0.308 mol), 
NaHCOa (63.7 g, 0.758 mol) and H2O (660 mL). The reaction mixture was stirred at room 
temperature for 20 h. The layers were separated, and the aqueous layer was washed with 
EtjO (4 X 200 mL), cooled, and then acidified to pH 1-2 with concentrated hydrochloric 
acid The resulting emulsion was extracted with EtOAc (5 X 200 mL). Combined EtOAc 
extracts were washed in succession with H2O (3 x 500 mL) and brine (3 x 500 mL), dried 
over MgS04, and then concentrated in vacuo to give intermediate (4) as a colorless foam 
(62.7 g, 78%). Additional reactions were carried out to give a total of 284 g of product 
suitable for further transformation. 

[0094] (2SAR) 'N- fBenzvloxvca rhonvl) -2'methoxvcarbom;U4'hvdroxvpwrolidine (5) . 
A stirred solution of carboxylic acid intermediate (4) (62.7 g, 0.236 mol), anhydrous MeOH 
(350 mL) and concentrated sulfuric acid (2 mL) was heated at reflux for 3 h. At this time, 
TLC analysis (silica gel plate developed in CH2Cl2/MeOH, 10:1) indicated complete 
reactioa The reaction mixture was cooled to room temperature, treated with EtsN (52 mL), 
and then concentrated in vacuo to a residue, which was dissolved in EtOAc (1 L). The 
EtOAc extract was washed with brine (3 L and 1 L), dried over MgS04, and then 
concentrated in vacuo to give intermediate (5) as a colorless oil (58.8 g, 89%). Additional 
reactions were carried out to give a total of 268 g of product suitable for fiirth^ 
transformation. 

[0095] (2S, 4R)-N'rBenzvloxvcar bonvl)--2'hvdroxvmethvl-4-hvdroxvpvrw^^ (6) To 
a stirred, cold (0 °C) solution of intermediate (5) (58.4 g, 0.208 mol) in THF (400 mL) was 
added LiBHj (3.5 g, 0.16 mol) portion-wise. The reaction mixture was stirred for 30 min at 
(0-5 **C) then for 4 h at room temperature. At this time, TLC (silica gel plates developed in 
EtOAc) showed just a trace of starting material The thick reaction mixture was diluted in 
succession with H2O (250 mL) and 2 M HCl (277 mL), and then concentrated in vacuo to 
remove THF. The resulting aqueous concentrate was extmcted with EtOAc (4 x 175 mL). 
Combmed EtOAc extracts were washed with brine (2 x 200 mL), dried over MgS04, and 
then concentrated in vacuo to give intermediate (5) as an oil (51.9 g, 99%). Additional 
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reactions were carried out to give a total of 227 g of product suitable for further 
transformatioa In later preparations the more convenient commercial solution of LiBHi in 
THF was used. 

[0096] (2SAR)-N-(Bemvloxvcarboml)-2't-butvldimetM'Si^^ -4 - 

hvdroxvpvrrolidine (71 A solution of intermediate diol (6) (175 g, 0.696 mol), EtjN (98 
mL, 0.72 mol), I, 8-diazabicyclo[5.4.0]undec-7-ene (20.6 mL, 0.138 mol), t- 
butyldimethylsilyl chloride (81.0 g, 0.537 mol) and CH2Ci2 (1.46 L) for 23 h at room 
temperature. Two additional portions of /-butyldimethylsilyl chloride (8.1 g, 0.054 mol 
each) were added at 2.5 h intervals, then stirring was continued for an additional 20 h. The 
reaction mixture was washed in succession with saturated aqueous NH4C1 (2 x 350 mL) and 
brine (350 mL), dried over MgS04, and then concentrated in vacuo to give 262 g of a 
mixture of intermediate (7), and starting diol (6). Separation was achieved by silica gel 
column chromatography (2 x 2.5 kg eluted with EtOAc/hexanes (2:3) to give 107 g (45%) 
of product (7), along with 60 g (34% recovery) of dioL A total of 286 g of product was 
prepared suitable for further transformation. 

[0097] aSAR)'2't'BtttvldimethvhiMoxvmetM-4'hvdrox^ (8). A 

suspension of intermediate (7) (28.4 g, 77.7 mmol) 10% Pd/C (2.8 g) and EtOH (150 mL) 
was hydrogenated at 50 psi for 16 h. The catalyst was filtered off, washed with EtOH (25 
mL), and then discarded The combined filtrate and washing were spin-evaporated to give 
17.5 g (97%) of intermediate (8) as an oil Additional reactions were carried out to give a 
total of 102 g of product suitable for further transformation. 

[0098] 1 1 *'f f (Propane']. 3-vl)dioxvlbisf(2-nitrO'5'methoxV'L 4'DhenvIene)carbonvlJJ 
bis f {2SJR)'2't-butvldimethvlsiMoxV'metM'4'hvdroxvpv^ (9) . Oxalyl chloride 

(8.1 mL, 93 mmol) was added, during 10 min, to a cold (0-5 ^C), stirred solution of acid (3) 
(15.0 g, 32.0 mmol), DMF (5 drops) and CH2CI2 (200 mL). This solution was stirred at 
room temperature for 3 h, and then concentrated in vacuo to a residue. This crude add 
chloride was co-distilled with THF (100 mL), and then dissolved in THF (200 mL). The 
resulting acid chloride solution of (3) was added dropwise to a stirred, cold (0-5 **€) 
solution of intermediate (8) (47.5 g, 75.6 mmol), EtsN (13.7 g, 135 mmol) in THF (200 
mL). The reaction mixture was stirred for 1 6 h at room temperature. Solids (EtaN^HCl) 
were filtered off, washed with THF (50 mL), and then discarded. Combined THF solution 
was concentrated in vacuo to a yellow solid. This material was purified by silica gel 
chromato-graphy [(800 g colunm, CHiCli/MeOH (20:1) elution] to give 17.8 g, 67% of 
intermediate (9), as a foam. Additional reactions were carried out to give a total of 97.2 g of 
product suitable for fiirther transformation. 

[0099] IJ'-ff (Propane-L S-divDdioxvlbisf Q-^jmino-S-methoxv-l 4''Dhenvlene) 
carbonvlJJbis f (2S,4R) '2't-butvldimethvlsilvloxV'methvl-4'hvdroxvpvrrolidine] (10). A 
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suspension of dinitro intermediate (9) (18.0 g, 20.0 mmol) in EtOH (200 mL) was 
hydrogenated at 50 psi during a 48 h period (1.8 g of 10% Pd/C initially, then 500 mg after 
24 h). The catalyst was filtered off, washed with EtOH (30 mL), and then discarded The 
combined EtOH solution was concentrated in vacuo to give 13.6 g (81%) of diamine (10) as 
a tan foam. Additional reactions were carried out to give a total of 86.5 g of product 
suitable for further transformation. 

[00100] L 1 '-ff(Propane-L3'divl)dioxv]bisfQ-cmino-N'allv^^ 
L 4'phenvlene)carbomnibisr QS. 4R) '2-t-butvldimethvlsilvloxvmethvl'4' 
hvdroxvpvrrolidinej (11). To a cold (0-5 °C), stirred solution of intermediate (10) (15.6 g, 
17.6 mmol), pyridine (6.5 g, 82 nmiol) and CH2CI2 (400 mL) was added a solution of allyl 
chlorofonnate (4.75 g, 39.4 mmol) in CH2CI2 (100 mL) during 30 min. The reaction 
mixture was stirred at room temperature for 16 h, washed in siiccession with saturated 
aqueous CUSO4 (2 x 300 mL) and H2O (2 x 300 mL), dried over Na2S04> and then 
concentrated in vacuo to give 17 J g (97%) of intermediate (11) . Additional reactions were 
carried out to give a total of 93.7 g of product suitable for further transformation, 
[00101] 7. 1 'f ffPropane-lJ'divDdioxvJbisf (2-aminO'N-allvloxV'CarbonvU5'methoxv4, 4- 
phenvlene) carbonylljbisf QS)'2't'butvldimethvhilvloxvmethvl-4'Oxopvrrolidine] (12). A 
solution of anhydrous DMSO (7.5 g, 105 mmol) in CH2CI2 (150 mL) was added dropwise 
to a cold (-65 to 65 ""C), stkred solution of oxalyl chloride (5.2 g, 59 mmol) in CH2CI2 (40 
mL). Stirring was continued for 30 min (-55 °C\ flien a solution of alcohol (11) (172 g, 
17.2 mmol) in CH2CI2 (225 mL) was added during 30 min (-55 ^C). After stirring for an 
additional 30 min at -55 ^C, EtaN (33 mL, 236 mmol) in CH2CI2 (1 10 mL) was added over 
1 5 mia The reaction mixture was stored for ~1 .6 h at --5 °C, washed in succession with 
aqueous IM HCl (2 x 375 mL) and brine (1 x 300 mL), dried over Na2S04 and then 
concentrated in vacuo to a residue. This residue was purified by silica gel chromato-graphy 
(1 kg column, eluted with EtOAc/hexanes, 1:1) to give 12.2 g (71%) of intermediate (12) as 
a foam. Additional reactions were carried out to give a total of 59.0 g of product suitable 
for further transformation. 

[00102] LT'ff (Propane- L 3-divl)dioxv1bisf (2'aminO'N'allvloxv-carbonvl'5-methoxv-l 4- 
phenvlene) carboml] Jbisf (2S)'2-t'butvldimet}wlsilvloxvmetM-4'methvlidene--2, 3- 
dihvdrovvrrolel (13), A solution of potassium t-butoxide (1 .0 M in THF, 64 mL, 64 mmol) 
was added, dropwise, to a cold (0-5 X), stirred suspension of methyl triphenylphosphonium 
bromide (22.7 g, 63.5 nmiol) in THF (160 mL) under Ar. The suspension was stibrred for an 
additional 2 h at 0-5 °C, then a solution of intermediate (12) (12.2 g, 12.2 mmol) in THF 
(1 60 mL) was added dropwise. The reaction mixture was stirred at room temperature for 16 
h, and then concentrated in vacuo to a residue. This residue was partitioned between EtOAc 
(400 mL) and H2O (400 mL). The EtO Ac layer was dried over Na2S04, and tiien 
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concentrated in vacuo to a residue, vMch was extracted with 70 mL of EtOAc/hexanes 
(1:1). This extract was applied to a silica gel column (400 g) and eluted with 
EtOAc/hexanes (1:1) to give 8.3 g (68%) of intermediate (13) as a foam. Additional 
reactions were carried out to give a total of 50.6 g of product suitable for further 
transformation. 

[^0103] lJWr(Provane''13-dxvl)d ioxv1bisrf2-amino-N-allvloxv-^^ 
phenylenekarbonvlJ lbisf f2S) -2-hvdroxvmetM-4-metMidene^l3-dihvdroDvrroleJ (141 
A 1.0 M solution of tetrabutylammonium fluoride in THF (20 mL, 20 mmol) was added 
dropwise (15 min) to a cold (0-5 T), stirred solution of the silyl ether (13) (15.2 g; 15.2 
mmol) in THF (140 mL). After the addition was completed, the reaction mixture was 
stirred at room temperature for 16 h, then concentrated in vacuo to a brown residue. This 
residue was dissolved in EtOAc (350 mL). The EtOAc solution was washed in succession 
with 20% aqueous NH4CI (2 x 200 mL) and brine (2 x 200 mL), dried over Na2S04, and 
then concentrated in vacuo to a syrup (13.2 g). This crude product was purified by siUca gel 
chromatography [500 g column, MeOH/CH2Cl2 (5:95 to 7.5:92.5) elution] to give 4.8 g 
(75%) of intermediate (14). Additional reactions were carried out to give a total of 29.5 g of 
product suitable for further transformatioa 
I<>0104] 8,8'^rr(TroDan e''U-divl)dioxvJbisri]SJJaSUI0^ralh^^ 
7'methoxv- 2 '•methvlidene-L2JJ0. IL lla-hexahvdro-5H-pvrrolor2, 1^1 fUJ- 
bemodiazevin-5'one (151 Tetrapropylammonium perruthenate(VII) (0.22 g, 0.63 nmol) 
was added to a mixture of alcohol (14) (4.8 g, 6.3 mmol), N-methyhnorpholine N-oxide (4.4 
g, 37 mmol), powdered 4A molecular sieves (12.4 g) and CH2CI2 (280 mL). The reaction 
mixture was stirred for 1 day at room temperature under argon Thin layer chromatogrjq)hy 
(siUca gel plates developed with MeOH/acetone/ CH2CI2, 1:1:18) mdicated disappearance 
of startmg material and formation of a new, major spot Insolubles were collected, washed 
with CH2CI2 (200 mL), and flien discarded. The combined CH2CI2 solutions were 
concentrated in vacuo to a black foam. This foam was purified by silica gel 
chromatography (260 g column eluted with MeOH/ CH2CI2, 98:2 to 96:4) to give 1.6 g 
(33%) of purified mtermediate 15. Additional reactions were carried out to give a total of 
7.2 g of product suitable for the final step. 
[00105] 5H'Pvrrolof2, Ucl 11. 41benzodiazevin-5-one, S.S'-fL 3- 
vrovanedivlbisfoxvmisril -hvdroxv-L 2 3 JO, IL Ua-hexahydro^l^methnTy.^^ 
methvlidene- fllaS, IVaSl (hydrate adduct of NSC'6945Q1) (161 
Tetrakis(triphenyiphosphine)palladium (3.82 g, 3.3 mmol) was added to a cold (5X) 
solution of the N-allyl compound (15) (30.0 g, 39 mmol), triphenylphosphine (1.77 g, 6.7 
mmol), pyrrolidme (7.2 g, 101 mmol), acetonitrile (570 mL) and CH2CI2 (1350 mL) under 
argoa The reaction nuxture was stirred at room temperature for 16 h. TLC analysis (silica 



wo 2005/040170 



PCTAJS2004/035D50 



37 

gel CH2Cl2/MeOH 9:1) indicated the reaction ms complete. The reaction mixture was 
concentrated in vacuo to a foam (32.0 g^. This material was purified by silica gel 
chromatography (3 kg column, eluted with CHaCla/MeOH, 98:2 (8 L), and then with 97:3 
(28 L)). Fractions containing product were combined and concentrated to give 19.8 g of a 
foam This material was further purified by Cig reversed-phase silica gel pad (a 200 g 
column eluted with CH3CN-H2O (1 : 1) and collected in 50 mL firactions). Crystallization 
occurred in firactions 3-7 after overnight storage at room temperature. The crystalline solid 
from these firactions was collected and then dried in vacuo at room temperature to constant 
weight to give 9.3 g (43%) of purified compound (16). Attempted high temperature 
(>60^C) drying of a previous sample resulted in partial decomposition. The melting point 
of compound (16) was determined to be 126-131°C (dec) (uncorrected). The 
characterization analysis is set fordi in Table 1. 



wo 2005/040170 



38 



PCTAJS2004/03S0S0 



Table 1 





C 


H 


N 


Calcy for C3iH36N40i*1.5 H2O»0.25CH3CN 


60.06 


6.36 


9.44 


Found 


59.99 


6.23 


9.32 


Spectral Data 


Fl'-lR(l%KBr) 


Wavenumber (cm"*) 


Relative 
Intensity 


Assignment 


3600-3100 


Medimn, 
broad 


0-H,N-H stretch 


1624,1599,1506 


Strong 


C=0,C=N stretch 


1464, 1431 


Strong 


C=C stretch (aromatic 
ring) 


1262 


Medium 


C-0 stretch 


Nuclear Magnetic 
Resonance 
(CD3CN/D2O) 


6 7.3-6.25 (m, H9 and H6, R/S isomers), 5.1 and 4.65 (dx2, HI 1, 
R/S isomers), 5.1 and 5.0 (sx2, =CH2, R/S isomers), 4.2-4.0 (m, 
H3 and -OCifcCHjC/^O-), 3.7 (sx2, l^OCHi), 3.8 and 3.5 (m, 
Hlla, R/S isomers), 2.5-3.0 (mx2, HI, R/S isomers), 230-2.15 
(m,-OCH2C/6CH20-) 


^H-NMR(CD3CN)* 


8 7.65 (d, HI 1), 7.35 and 6.8 (sx2, H6 and H9), 5.1 (sx2, =CH2), 
4.M.3 (m, H3 and 'OCH2CR2CH20-\ 3.8 (s, 7-OCi/j), 3.7 (m, 
HUa), 3.0 (m, HI), 2.2 (m, -OCH2Cif2CH20-) 


MS (ESI, 

Electrospray 

Ionization): 


597.3 (M+KjCH-Nal 579.3 (M+ Na^, 

557.2 (M+ tf), where M is defined as the dehydrated immo form 
of NSC 694501 (Compound 16). 


HPLC 


99.6% purity is observed 

Mobile Phase: A - Acetonitrile (23%) in 20 mM KH2PO4, pH4.6; 

B - Acetonitrile 

Flow Rate: 1 mL/min Column: 

Discovery RP amide 

Detector: 320 nm 



♦Note: Anhydrous acetonitrile-d3 dehydrates Compound 16 to the immo form. 



EXAMPLE 2 

[00106] This example illustrates a method of preparing 5H-Pyrrolo[2, 1-c] [1, 
4]benzodiazepin-5-one, 8,8'-[l, 3-propanediylbis(oxy)]bis[ll-methoxy-l, 2, 3, 10, 11,11a. 
hexahydio-7-methoxy-2-methylidene- (1 laS, 1 1 'aS) (methanol adduct of NSC-694501) 
(Figure 2) in accordance with an embodiment of the inventioit 



wo 2005/040170 



PCT/US2004/035050 



39 

(001071 5H.Pynolo[2, 1-c] D, 4]benzodiazepin-5-one, 8.8'-[l, 3- 
propanediylbis(oxy)]bis[l, 2, 3, lla-tetrahydro-7-methoxy-2-methylene- (1 laS, ll'aS) 
(NSC 694501) (~ 5-7.5 mg, ~ 10-13 nmol) (Gregson et al., J. Med. Chem. 44: 737-748 
(2001)) was treated with anhydrous methanol (3 mL) and the reaction mixture was allowed 
to stir under nitrogen for 24 h to form the methanol adduct. Excess solvent was removed by 
evaporation in vacuo and the resulting solid compound was weighed and analysed by 'H 
NMR/COSY techniques in dg-DMSO: 'H NMR (400 MHz, ds-DMSO) 5 7.24 (br s, NH), 
7.07 (s, 116-R), 6.65 (s, H6-5), 6.42 (s, W-R), 6.13 (s, H9-S). 5.13 and 5.10 (s x 2. =Cfli-S), 
4.99 and 4.97 (s x 2, =CH3-R), 4.54 (d, J= 6.2 Hz, HI l-R), 4.27 (d, 7= 9.7 Hz, HI 1^, 
4.25-4.05 (m, -OCHiC}i2CH20- and H3), 3.98 (d, J= 15.9 Hz, H3), 3.92-3.79 (m. HI U-R), 
3.82 (d, J= 15.6 Hz, H3), 3.73 (s, 7-OCHrS), 3.68 (s, 1-OCHrR), 3.65-3.55 (m, HUa-S), 
3.37 (s, U-OCHrS), 3.23 (s, U-OCHj-R), 3.10-2.85 (m, HI), 2.82 (d, J= 14.1 Hz, Hl-J?), 
2.46 (d, partially obscured by DMSO peak, UlS), 2.30-2.15 (m, -OCH2C/f2CH20-). 
Figure 3 shows the formula of certain diastereomers obtained herein and in Examples 3-5. 

EXAMPLES 

[00108] This example illustrates a method of preparing 5H-PyTrolo[2, 1-c] [1, 
4]benzodiazepin-S-one, 8,8'-[l, 3-propanediylbis(oxy)]bis[ll-eQioxy-l, 2, 3, 10, 11, 11a- 
hexahydro-7-mefiioxy-2-mediylidei»- (1 laS, 1 1'aS) (etfaanol adduct of NSC-694501) 
(Figure 2) in accordance with an embodiment of the invention. 
[00109] The same procedure described in Example 2 was followed, except that 
anhydrous ethanol was used instead of methanol. After the ethanol adduct had formed, 
excess solvent was removed by evaporation in vacuo and the resulting solid compound was 
wdghed and analysed by 'H NMR/COSY techniques in rf«-DMSO: 'H NMR (400 MHz, 
rftf-DMSO) 5 722 (s, NH-5), 7.21 (d, J= 5.7 Hz, NH-i?), 7.07 (s, K6-R), 6.62 (s, H6-S), 6.49 
(s, E9-R), 6.03 (s, H9-5), 5.13 and 5.10 (s x 2, =CH2-S), 4.99 and 4.96 (s x 2, =CH2-R), 4.65 
(d, J= 6.1 Hz, HI l-R), 4.35 (d, J= 9.0 Hz, HI IS), 4.25-4.05 (m, -OCftCHjCftO- and 
H3), 3.98 (d, J = 16.0 Hz, H3), 3.92-3.79 (m, HI la-i? and H3), 3.73 (s, 7-0CH}-S), 3.67 (s, 
7-OCH3-R), 3.60-3.43 (m, HI la-S and -OCi/zCHj), 3.10-2.85 (m, HI), 2.68 (d, J= 15.2 
Hz, m-R), 2.46 (d, partially obscured by DMSO peak, HlnS), 2.30-2.15 (m, - 
OCH2C/fiCH20-), l.lO-l.OO (m, -OC^^Hj}. 

EXAMPLE 4 

[00110] This example illustrates a method of preparing 5H-Pyrrolo[2, 1-c] [1, 
4]benzodiazepin-5-one, 8,8'-[l, 3-propanediylbis(oxy)]bis[ll-i-pr(^yloxy-l, 2, 3, 10, 11, 
1 la-hexahydro-7-metho3^-2-me*hylidene- (1 laS, 1 1'aS) (isopropanol adduct of NSC- 
694501) (Figure 2) in accordance with an embodiment of the invention. 
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[00111] The same procedure described in Example 2 was followed, except that 
anhydrous isopropanol was used instead of methanol. After the isopropanol adduct had 
formed, excess solvent was removed by eviration i« vacao and the resulting solid 
compound was weighed and analysed by 'H NMR/COSY techniques in dg-DMSO: 'H 
NMR (500 MHz, rf«-DMSO) 8 7.22 (s, NH-S), 7.16 (d, J= 6.1 Hz, NH-«), 7.05 (s, U&R), 
6.60 (s, U6-S), 6.37 (s. H9-R), 5.90. (s, WS), 5.13 and 5.10 (s x 2, =C/6^, 4.98 and 4.95 
(s X 2, =CH2-R), 4.73 (d, 7= 6.2 Hz, HI l-R), 4.43 (d, J= 9.0 Hz, HI 1-5), 4.30-4.05 (m, - 
OCH2CH.2CH3O- and H3), 3.98 (d, J= 15.8 Hz, H3). 3.90-3.75 (m, HI la-R, H3 and - 
dmishl 3.73 (s, 7-OCHrS), 3.67 (s, l-OCHj-R), 3.53-3.35 (m, Hlla^, 3.00-2.95 (m, 
Hl-J?), 2.94-2.85 (m, Hl-S), 2.63 (d, J= 16.5 Hz, Ul-R), 2.43 (d, J= 15.5 Hz, Hl-S), 2.30- 
2. 15 (m, -OCH2CF2CH2O-), 1 .20-0.99 (m, -CtHCHsh). The persistence of imine signals 
was observed in this spectrum. 

EXAMPIJE5 

[00112] This example illustrates a method of preparing 5H-Pyrrolo[2, 1-c] [1, 
4]benzodiazepin-5-one, 8,8'-[l, 3-propanediylbis(oxy)]bis[l 1-r-butoxy-l, 2, 3, 10, 1 1, 1 la- 
hexahydro-7-methoxy-2-methylidene- (1 laS, 1 1'aS) (r-butanol adduct of NSC-694501) 
(Figure 2) in accordance with an embodiment of the invention. 
[00113] The same procedure described in l&cample 2 was followed, excqrt that 
, anhydrous r-butanol was used instead of methanol. After the /-butanol adduct had formed, 
excess solvent was removed by evaporation in vacuo and the resulting solid compound was 
weighed and analysed by 'H NfMR/COSY techniques in 4rDMSO: 'H NMR (400 MHz, 
4J-DMS0) 8 7.23 (s, NH-S), 7.22-7.17(m, Wl-R), 7.07 (s. H6-J?), 6.62 (s, H6-5), 6.38 (s, 
H9-i?), 6.03 (s, H9-5), 5.13 and 5.10 (s x 2. =CHrS), 4.99 and 4.96 (s x 2, =CHrRl 4.65 
(d, y= 6.1 Hz, HI 1-je). 4.40-4.35 (m, RUS), 4.30-4.05 (m, -OCftCHiCfliO- and H3), 
3.94 (d, J= 15.2 Hz, H3). 3.90-3.77 (m, HI la-J?, H3 and 7-OCHrS), 3.68 (s, l-OCHj-R), 
3.65-3.52 (m, HI la-^, 3.05-2.85 (m, HI), 2.68 (d, J= 15.2 Hz, Hl-i^), 2.47 (d, partiaUy 
obscured by DMSO peak, Hl^, 2.30-2.15 (m, -OCH2C^2CH20-), 1.20-1.00 (m, - 
C(C//j)3). The persistence of imine signals was observed in this spectrum. 

EXAMPLE6 

[00114] This example illustrates a method of preparing 5H-Pyrrolo[2, 1-c] [1, 
4]benzodiazepin-5-one, 8,8'-[l, 3-propanediylbis(oxy)]bis[l l-(4-meaiyl-phenyltbio)-l, 2, 3, 
10, 11, lla-hexahydro-7-methoxy-2-methylidene-(llaS, ll'aS)(tiiiophenoI adduct of 
NSC-694501) (Figure 4) m accordance with an embodiment of the invention. 
[00115] 5H-Pyrrolo[2, 1-c] [1, 4]benzodiazepin-5-one, 8,8'-[l, 3- 
propanediylbis(oxy)]bis[l, 2, 3, 1 la-tetrahydro-7-methoxy-2-methylene- (1 laS, 1 1'aS) 
CNSC-694501) (~ 5-6.5 mg, ~ 10-12 taaoi) in anhydrous THE (1 mL) was treated with p- 
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mediylthiophenol (2 mol equivalents) and the reaction mixture was allowed to stir under 
nitrogen for 24 h to form the methylthiophenol adduct. Excess solvent was removed by 
evaporation in vacuo and the resulting solid compound was weighed and analysed by 
NMR/COSY techniques in ds-DMSO: NMR (500 MHz, de-DUSO) 5 7.48 (d, J= 8.0 
Hz, thioether Ar-3'H-S), 7.45-7.38 (m, NH-i^ and thioether Ar 3'H-i2), 7.21 (d, J= 8.0 Hz, 
thioether Ar-2'H-S), 7.16 (d, J= 7.8 Hz, thioether Ar-2'H.iJ), 6.99 (s, H6-S), 6,89 (s, H6- 
R), 6.50 (s, H9-S), 6.45 (s, H9-*), 5.79 (s, NH-5), 5.16 (d, J= 6.4 Hz, HI 1-5), 5.07 and 

5.04 (s X 2, =C/fe), 4.76 (d, 10.9 Hz, HI 1-S), 4.28 (d, J= 16.3 Hz, H3), 4.25^.21 (m, 
HI la-i?), 4.19 (d, J= 16.5 Hz, H3), 4.14-4.00 (m, -OCftCHzCftO-), 3.85-3.76 (m, HI la- 
S), 3.69 (s, 7-OC/ij), 3.15 (dd, /= 16.3, 8.5 Hz, Hl-i2), 3.08-3.05 (m, HlnS), 2.93 (d, J= 
16.4 Hz, Hl-iJ), 2.80-2.70 (m, Hl-5), 2.35-2.15 (m , -OCH2CftCH20- and -PhCi/5). 
Figure 5 shows the formulas of certain diastereomers obtained herein and in Examples 7-8 
below. 

EXAMPLE 7 

[00116] This example illustrates a method of preparing 5H-Pyrrolo[2, 1-c] [1, 
4]benzodiazepin-5-one, 8,8 -[1, 3-propanediylbis(oxy)]bis[ll-phenylthio-l, 2, 3, 10, 11, 
1 la-hexahydro-7-methoxy-2-methylidene- (1 laS, ll'aS) (thiophenol adduct of NSC- 
694501) (Figure 4) in accordance with an embodiment of the invention. 
[001 17] The same procedure described in Example 6 was followed, except that 
thiophenol was used instead of p-methylthiophenol. After the thiophenol adduct had 
formed, excess solvent was removed by evaporation in vacuo and the resulting solid 
compound was weighed and analysed by ^H NMR/COSY techniques in ^i^-DMSO: ^H 
NMR (400 MHz, ds-DMSO) 5 7.62-7.20 (m, thioether Ar, NH-ii), 6.99 (s, H6-5), 6.89 (s, 
H6-*), 6.50 (s, H9-S), 6.45 (s, H9-Jf), 5.86 (s, NH-S), 5.29 (d, 7= 6.5 Hz, HI UR\ 5.18-5.00 
(m,=Cft>, 4.83 (d,y= 11.0 Hz, Hll-S), 4.28 (d, J= 16.4 Hz, H3), 4.25-4.00 (m, Hlla-5, 
H3 and -OCiH2CH2Ci/20-), 3.90-3.75 (m, HI la-S), 3.70 and 3.68 (s x 2, l-OCHi), 3.25- 

3.05 (m, HI), 2.95:2.85 (m, Hl-A), 2.80-2.70 (m, Hl-S), 2.35-2.15 (m , -OCH2C/J2CH2O-). 

EXAMPLES 

[00118] This example illustrates a method of preparing 5H-Pyrrolo[2, 1-c] p, 
4]benzodiazepin-5-one, 8,8'-[l, 3-propanediylbis(oxy)]bis[l l-(4-methoxy-phenylthio>-l, 2, 
3, 10, 11, lla-hexahydro-7-methoxy-2-methylidene- (llaS, ITaS) (methoxythiophenol 
adduct of NSC-694501) (Figure 4) in accordance with an embodiment of the invention. 
[00119] The same procedure described in Example 6 was followed, except that 
methoxythiophenol was used instead of /^methylthiophenol. After the thiophenol adduct 
had formed, excess solvent was removed by evaporation in vacuo and the resulting solid 
compound was weighed and analysed by 'H NMR/COSY techniques in ^5-DMSO: *H 
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NMR (400 MHz, ^/tf-DMSO) 8 7.60-7.50 (m, thioether Ar), 7.45-7.40 (m, thioether Ar), 
7.39-732 (m, thioether Ar and NH-if), 7.00-6.90 (m, thioether Ar, H6-5' and E&-R\ 6.50 (s, 
H9-fi), 6.45 (s, H9-J?), 5.79 (s, NH^S), 5.13-5.00 (m, HI l-i? and -C//2), 4.66 (d, 7= 10.8 
Hz, Hll-5), 4.35-3.95 (m, H3, Hlla-i? and -OC/f^CHaC/feO-), 3.85-3.65 (m, Hlla-5, 7- 
OCH3 and -PhOCifi), 3.20-3.05 (m, HI), 3.00-2.90 (m, Hl-i?), 2.79 (d, 16.0 Hz, Hl-S), 
2.35-2.15 (m , -OCH2Cjy2CH20-). 

EXAMPLE9 

[00120] This example illustrates a method of preparing 5H-Pyrrolo[2, 1-c} [1, 
4]benzodiazepm-5-one, 8,8*-[l, 3-propanediylbis(oxy)]bis[ll-r.butylammo-l,2, 3, 10, 11, 
1 la-hexahydro-7-methoxy-2-methyIidene- (1 laS, 1 1'aS) (/-butylamine adduct of NSC- 
694501) in accordance with an embodiment of the mvention (Figure 6>. 
[00121] Anhydrous r-butylamine (3 mL) was added to a sample of 5H-Pyrrolo[2, 1-c] [1, 
4]benzodiazepin-5-one, 8,8'-[l, 3-propanediylbis(oxy)]bis[l, 2, 3, 1 la-tetrahydro-7- 
methoxy-2-methylene- (1 laS, 1 TaS) (5.56 mg, 10 jmiol) and the reaction mixture was 
allowed to stir in a flask fitted with a CaCh drying tube for 24 h. Excess solvent was 
removed by evaporation in vacuo, and the resulting t-butylamine adduct was weighed (6.94 
mg, 99%) and analysed by ^H NME/COS Y techniques in de-DMSO: ^H NMR (500 MHz; 
t/^DMSO) 5 7.28 (s, m-S), 7.21 (s, H6.i^), 6.85 (d, J= 6.27 Hz, NH-i?), 6.62 (s, H9-if), 
6.39 (s, H9-S), 6.05 (br s, Nif-aminal), 5.53 (br s, NH-S), 5.12 and 5.08 (s x 2, =C/6), 5.05- 
4.85 (m, =CJ^2 and HI 1-i?), 4.54 (d, 7= 8.7 Hz, HI 1 J), 4.40-3.95 (m, -OCH^HzCH^ 
and H3), 3.94-3.83 (m, HI U-R), 3.80 and 3.79 (s x 2, 7-00^), 3.69-3.58 (m, HI la-S), 
3.00-2.85 (m, HI), 2.67 (d,y= 16.8 Hz, Hl-if), 2.56 (d,y= 16.1 Hz, Hl-i), 2.35-2.15 (m, - 
OCH2C^/2CH20-). The persistence of NlO-Cl 1 imine signals was observed in this 
spectrum. , 

EXAMPLE 10 

[00122] This example demonstrates the biological activity of a compound of the 

invention in vitro. 

[00123] 5H-Pyrrolo[2, 1-c] [1, 4]benzodiazepm-5-one, 8,8'-[l, 3- 
propanediylbis(oxy)]bis[ll-hydroxy-l,2, 3,10, 11, lla-hexahydro-7-methoxy-2- 
methyUdene- (1 laS, 1 1'aS), (hydrate adduct of NSC-694501) (16) dissolved in DMSO and 
water was tested in vitro m a 60-cell-line screen. The concentration effects of the 
compound for various cancer ceU lines are summarized in Tables 2-10, \^dierein GI50 is the 
drug concentration required to inhibit the growth of 50% of the cells, TGI is the drug 
concentration required for total growth inhibition, and LC50 is the dmg concentration 
required to kill 50% of the ceUs. These data demonstrate that the hydrate adduct of 
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NSC694501 is very potent and has a multi-log differential pattern of activity. A 
COMPARE analysis shows that, although the agent compares in general terms with DNA- 
bindmg agents, it does not fit within any of the clusters of known agents, mcluding 
anthramycin or bizelesin, suggesting distinctive aspects of NSC 694501 action in 
comparison to other DNA-binding agents. 



Table 2 



Leukemia' 
CeULinelD 


Log,o[q (M) 


Concentration (nM) 


GIJO 


TGI 


LC50 


GI50 


TGI 


LC50 


CCRF-CEM 


-9.72 


-7.85 


-6 


0.2 


14.1 


1000.0 


HL-60(TB) 


-9.62 


-8.62 


-7.55 


0.2 


2.4 


28.2 


MOLT-4 


-9.85 


-9 


-7.15 


0.1 


1.0 


70.8 


RPMI.8226 


-9.85 


-8.05 


-7.08 


0.1 


8.9 


832 


Table 3 


Non-Small 
Cell Lung 
CeULinelD 


Logio[C] (M) 


Concentration (nM) 


GI50 


TGI 


LCJO 


G150 


TGI 


LCJO 


A549/ATCC 


-7.85 


-6 


-6 


14.1 


1000.0 


1000.0 


EKVX 


-7.17 


-6.34 


-6 


67.6 


457.1 


1000.0 


HOP-62 


-7.96 




-6 


11.0 




1000.0 


HOP-92 


-8.17 


-6.82 


-6 


6.8 


151.4 


1000.0 


NCI-H226 


-7.92 


-7.32 


-6 


12.0 


47.9 


1000.0 


NCI-H23 


-8.77 


-7.8 


-7.17 


1.7 


15.8 


67.6 


NCI-H322M 


-7.52 


-7.09 


-6 


30.2 


81.3 


1000.0 


NCI-H460 


-9.55 


-6 


-6 


0.3 


1000.0 


1000.0 


NCI-H522 


-8.85 


-7.51 


-6 


1.4 


30.9 


1000.0 
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Table 4 



Colon 
Cell line m 


Log,o[C] (M) 


Concentration (nM) 


GI50 


TGI 


LCJO 


G150 


TGI 


LCJO 


COLO 205 


-8.26 


-7.47 


-6.6 


5.5 


33.9 


251.2 


HCC-2998 


-7.74 


-7.38 




18.2 


41.7 




HCT-116 


-7.96 


-7.59 




11.0 


25.7 




HCT-15 


-6.92 


-6.01 


-6 


120.2 


977.2 


1000.0 


HT29 


-7.89 


-7.52 




12.9 


30.2 




KM12 


-7.7 


-7.14 


-6 


20.0 


72.4 


1000.0 


SW-620 


-7.85 


-6 


-6 


14.1 


1000.0 


1000.0 


Tables 


Central 
Nervous 
System 
Cell Line ID 


Logio[q (M) 


Concentration (nM) 


GliO 


TGI 


LC50 


GI50 


TGI 


LCJO 


SF-268 


-9.08 


-7.24 


-6 


0.8 


57.5 


1000.0 


SF-295 


-8.15 


-6 


-6 


7.1 


1000.0 


1000.0 


SF-539 


-8.34 


-7.92 


-6 


4.6 


12.0 


1000.0 


SNB-19 


-8.27 


-6 


-6 


5.4 


1000.0 


1000.0 


SNB-75 


-8.74 


-7.82 


-6.33 


1.8 


15.1 


467.7 


U251 


-8.7 




-6 


2.0 




1000.0 


Table 6 


Melanoma 
Cell Linen) 


Logio[q (M) 


Concentration (nM) 


GIJO 


TGI 


LC50 


G150 


TGI 


LC50 


MAO^-3M 


-7.92 


-7.54 


-7.15 


12.0 


28.8 


70.8 


M14 


-8.07 


-6 


-6 


8.5 


1000.0 


1000.0 


SK-MEL-2 


-7.77 


-7.46 


-7.14 


17.0 


34.7 


72.4 


SK-MEL-28 


-7.82 


-7.36 


-6 


15.1 


43.7 


1000.0 


SK-MEL-5 


-7.89 


-7.57 




12.9 


26.9 




UACC-257 


-7.82 


-7.38 


-6 


15.1 


41.7 


1000.0 


UACC-62 


-9.59 


-9.08 


-8.15 


0.3 


0.8 


7.1 
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Table? 



Ovarian 
Cell Line ID 


Logio[Cl m 


Concentration (nM) 


G150 


TGI 


LC50 


QUO 


TGI 


LC50 


IGROVl 


-7.77 




-6 


17.0 




1000.0 


OVCAR-3 


-7.72 




-6 


19.1 




1000.0 


OVCAR-4 


-7.51 


-6 


. -6 


30.9 


1000.0 


1000.0 


OVCAR-5 


-7.7 


-7.35 


-6 


20.0 


44.7 


1000.0 


OVCAR-8 


-7.92 


-6 


-6 


12.0 


1000.0 


1000.0 


SK-OV-3 


-7.7 


-6 


-6 


20.0 


1000.0 


1000.0 



Table 8 



Renal 
Cell Line ID 


Logio[C](M) 


Concentration (nM) 


GUO 


TGI 


LCJO 


GJ50 


TGI 


LC50 


786-0 


-8.89 


-7.8 


-6 


1.3 


15.8 


1000.0 


A498 




-7.6 






25.1 




ACHN 


-8.14 


-7.04 


-6 


7.2 


91.2 


1000.0 


CAKI-1 


-7.96 


-6.15 


-6 


11.0 


707.9 


1000.0 


SN12C 


-8.82 


-7.74 


-6 


1.5 


18.2 


1000.0 


TK-10 


-7.55 




-6 


28.2 




1000.0 


UO-31 


-7.32 


-6.54 


-6 


47.9 


288.4 


1000.0 


Table 9 


Prostate 
Cell Line ID 


Logio[C] (M) 


Concentration (nM) 


G150 


TGI 


LCJO 


GI50 


TGI 


LC50 


PC-3 


-7.68 


-6 


-6 


20.9 


1000.0 


1000.0 


DU-i45 


-8.3 


-6 


-6 


5.0 


1000.0 


1000.0 
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Table 10 



Bieast 
Cell Line ID 


Logio[C] (M) 


Concentration (nM) 


G150 


TGI 


LC50 


GI50 


TGI 


LCJO 


NCI/ADR- 

RES 


-6.49 


-6 


-6 


323.6 


1000.0 


1000.0 


MDA-MB- 
231/ATCC 


•7.74 


-7.35 


-6 


18.2 


44.7 


1000.0 


HS 578T 


-7.37 


-6 


-6 


42.7 


1000.0 


1000.0 


MDA-MB- 

435 


-7.89 


-7.47 


-7.07 


12.9 


33.9 


85.1 


MDA-N 


-7.96 


-7.59 


-7.24 


11.0 


25.7 


57.5 


BT-549 


-7.89 


-7.31 


-6 


12.9 


49.0 


1000.0 


T-47D 


-7.62 


-6 


-6 


24.0 


1000.0 


1000.0 



EXAMPLE 11 

[00124] This example demonstrates the biological activity of a compound of the 
invention in vivo. 

[00125] A standard panel of 12 tumor cell lines was used for the routine hollow fiber 
screening. These included NCI-H23, NCI-H522, MDA-MB-231, MDA-MB-435, SW-620, 
COLO 205, LOX, UACC-62, OVCAR-S, OVCAR-S, U251 and SF-295. In addition, 
altemate lines were used for specialized testing of compounds on a nonroutine basis. The 
cell Imes were cultivated m RPMI-1640 containing 10% FBS and 2 mM glutamine. On the 
day proceeding hollow fiber preparation, the ceHs were given a supplementation of fresh 
medium to maintain log phase growth. For fiber preparation, the cells were harvested by 
standard trypsinization technique and resuspended at the desired cell density ((2-10 X 10^ 
cells/ml). The cell suspension was flushed into 1 mm (internal diameter) polyvinylidene 
fluoride hollow fibers with a molecular weight exclusion of 500,000 Da. The hollow fibers 
were heat-sealed at 2 cm intervals and the samples generated from these seals were placed 
into tissue culture medium and incubated at 37 in 5% CO2 for 24 to 48 hours prior to 
implantation. A total of 3 diflFerent tumor lines were prepared for each experiment so that 
each mouse receives 3 intraperitoneal implants (1 of each tumor line) and 3 subcutaneous 
implants (1 of each tumor line). On the day of implantation, samples of each tumor ceU Ime 
preparation were quantitated for viable cell mass by a stable endpoint MTT assay so that the 
time zero cell mass is known. Mice were treated with experimental agents starting on day 3 
or 4 following fiber implantation and continuing daily for 4 days. Each agent was 
administered by intraperitoneal injection at 2 dose levels. The fibers were collected from 
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the mice on the day following the fourth compound treatment and subjected to the stable 
endpoint MTT assay. The optical density of each sample was deteimined 
spectrophotometrically at 540 nm and the mean of each treatment group was calculated. 
The percent net growth for each cell line in each treatment group was calculated and 
compared to the percent net growth in the vehicle treated controls. A 50% or greater 
reduction in percent net growth in the treated samples compared to the vehicle control 
samples was considered a positive result. Each positive result was given a score of 2 and all 
of the scores were totaled for a given compound. The maximimi possible score for an agent 
is 96 (12 cell lines X 2 sites X 2 dose levels X 2 [score}). A compound was referred for 
xenograft testing if it had a combined ip + sc score of 20 or greater, a sc score of 8 or 
greater, or produced cell kill of any cell line at either dose level evaluated. ^ 
[00126] In vivo evaluation of NSC 694501 m the hollow fiber assay resulted in a total 
score of 54 (40 intraperitoneal [i.p.] + 14 subcutaneous [s.c.].) with three cell Imes killed: 
UACC-62 melanoma, OVCAR-3 ovarian cancer, and MDA-MB-43S breast cancer. 
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Table 11 



Model 


Stage/ 

Tmnlant 

Site 


Treatment 
Schedule* 


MTD 


BW 
Loss 
/o 


Activity 
Optimal 


Growth Delay 
%[(T-C)/qC 


LOX 


IP 


QDX5 


0.40 


20.7 




[-10%ILS] 


Early-SC 


QD X5 


0.054 


17.6 


7 


498 (4.3L) 


UACC- 


Early-SC 


Q4DX3 


.45 


20.9 


28 


43 


62 


QDX5 


0.054 


20.2 


26 


150(0.9L) 


OVCAR- 
3 




Q4DX3 


0.45 


6.6 


20 


73 


Early-SC 


Q4DX3 


0.45 


13.9 


10 


55 






QDX5 


.27 


7.9 


9 


114(1.9L) 


OVCAR- 


Early-SC 


Q4DX3 


0.45 


21.2 


' 38 


32 


5 


QDX5 


0.081 


2.6 


13 


102 


MDA- 
MB-435 


Early-SC 


Q4DX3 


0.45 


19.8 


3(1 tf) 


41 


SF-295 


Early-SC 


Q4DX3 


<0.30 


24.0 


iie(2tf) 




QDX5 


0.12 


7.5 


4(4 tf) 


241 (3.1L) 






Q4DX3 


0.24 


10.2 


1(1 tf) 


227 (3.2L) 








0.16 


4.3 


3 


103 (0.9L) 








0.11 


0.1 


10 


60(0.0L) 






QDX5 


0.12 


5.3 


2(2 tf) 


196 (3.2L) 


SF.295 


Early-SC 




0.08 


0.0 


3 


131 (2.0L) 




0.054 


4.7 


2(1 tf) 


165(2.6L) 






QDX5 


0.054 


2.8 


0 


206 (3.0L) 








0.036 


3.5 


14 


69 








0.024 


3.6 


12 


61 








0.016 


0.0 


33 


31 



♦Treatments given by intravenous administration, tf = tumore free; ue = unevaluable 



[00127] NSC 694501 was evaluated for in vrvo eflScacy in atfaymic mic5e bearing 8 
subcutaneous tumor models: LOX and UACC-62 (melanoma), OVCAR-3 andOVCAR-5 
(ovarian ca), MDA-MB-435 (breastca), SF-295 and C-6 (glioma), and LS-174T (colonca). 
The models were selected on the basis of hollow fiber assays and in vitro time course 
assays. 

[00128] NSC 694501 was active in each of the 8 tumor models following i.v bolus drug 
delivery wifli optimal T/C values ranging from 0% to 38%, with significant growth delays 
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in 7 models as well as multi-log cell kill in 4 models and 2-4/6 tumor-free responses in 1 
model. The results are summarized in Table 1 1 . 

[00129] A qDx5 schedule conferred better efiBcacy than a q4Dx3 schedule in each of the 
4 models tested on two schedules. NSC 694501 was active over a wide dosage range in 
athymic mice using compound prepared fresh just prior to injection in 1% EtOH vehicle: 
On a qDx5 schedule, the maximum tolerated dose was approximately 120 |ig/kg/dose and 
the minimum effective dose in one of the most sensitive models (SF-29S) was 16 
^g/kg/dose. Likewise, NSC 694S01 prepared fresh just prior to injection in 1% EtOH 
vehicle was observed to be well tolerated and eflBcacious in nude rats bearing C-6 (rat 
glioma) and LS-174 (human colon cancer) at doses of 27 and 40 ^g/kg/dose, i.v., qDxS 
(Table 12). 



Table 12 



Model 


Stage/ 
Implant 
Site 


Tieatment 
Schedule 


Dose 
(mg/kg) 


BW 
Loss 
% 


Activity 
Optimal 
%T/C 


Growth Delay 
%[Cr-C)/C]C 








0.040 


0.8 


24 


49 


C-6 


Early-SC 


QDXS 


0.027 


6.3 


47 


20 








0.018 


0.0 


56 


13 








0.040 


1.4 


17 


83 


LS-174 


Early-SC 


QDXS 


0.027 


2.2 


21 


93 








0.018 


0.0 


41 


43 



[00130] All references, including publications, patent applications, and patents, cited 
herein are hereby incorporated by reference to the same extent as if each reference were 
individually and specifically indicated to be incorporated by reference and were set forth in 
its entirety herein. 

[00131] The use of the terms "a" and "an" and "the" and similar referents in the context 
of describing the invention (especially in the context of the following claims) are to be 
construed to cover both the singular and the plural, unless otherwise indicated herein or 
clearly contradicted by context The terms "comprising," "having," "including," and 
"containing" are to be construed as open-ended terms (i.e., meaning "including, but not 
limited to,") unless otherwise noted Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring individually to each separate value 
falling within the range, unless otherwise indicated herein, and each separate value is 
incorporated into the specification as if it were individually recited herein. All methods 
described herein can be performed in any suitable order unless otherwise indicated herein or 
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Otherwise clearly contradicted by context The use of any and all examples, or exemplary 
language (e.g., "such as") provided herein, is mtended merely to better illuminate the 
invention and does not pose a limitation on the scope of the invention unless otherwise 
claimed No language in the specification should be construed as indicating any non- 
claimed element as essential to the practice of the invention. 

[00132] Preferred embodiments of this invention are described herein, including the best 
mode known to the inventors for carrying out the inventioa Variations of those preferred 
embodiments may become apparent to those of ordinary skill in the art upon reading the 
foregoing descriptioa The invaitors expect skilled artisans to employ such variations as 
appropriate, and the inventors intend for flie hivention to be practiced otherwise than as 
specifically described hereia Accordingly, this invention includes all modifications and 
equivalents of the subject matter recited in the claims appended hereto as permitted by 
applicable law. Moreover, any combination of the above-described elements m all possible 
variations thereof is encompassed by the invention unless otherwise indicated herein or 
otherwise clearly contraxlicted by context. 
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WHAT IS CLAIMED IS: 

1 . A compound of Formula I: 




(Formula T) 

vfbsi&n X is a substituent selected from the group consisting of an OH, an ether» a 
silyl ether, a trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cyclic 
carbamate, a cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a 
sulphite, a bisulphite, a sulphonamide; an amine, an amide, an azido, a cyano, a halo, a 
triphenylphosphonium, a silyl, a trialkyl silyl, an amino acid-derived groiq>, and a 
phosphorus-containing group; 

wherein the bond between the carbon to which Y is attached and the N of NR^ to 
which the carbon is attached is a single bond or a double bond, wherein, when the bond is a 
double bond, is absent and Y is H, and, when the bond is a single bond, is H and Y is 
a substituent selected from the group defined for X, wherem Y is optionally the same as X; 

wherein each of and is independently O, S, orNR^; 

wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of which 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^ R^ and R* is independently a hydrogen; a C1-C24 alkyl, C2-C24 
alkenyl, or C2 -C24 alkynyl, optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein the bond between R^ and the carbon to which R* is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
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bond is a single bond, and are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R* are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; 

or a salt thereof 

wherein the compound is a solid. 



A compound of Formula I: 




OR^ R% 




(Formula T) 

^^*erein X is a substituent selected from flie groiq> consistmg of an OH, an ether, a 
silyl ether, a trialkyl silyl ether, an ester, a carbonate, a carbamate, a Ihiocarbamate, a cyclic 
carbamate, a cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a 
sulphite, a bisulphite, a sulphonamide, an amine, an amide, an azido, a cyano, a halo, a 
triphenylphosphonium, a silyl, a trialkyl silyl, an amino acid-derived group, and a 
phosphorus-containing group; 

\^erein the bond between the carbon to which Y is attached and the N of NR^ to 
which the carbon is attached is a single bond or a double bond, wherem, when the bond is a 
double bond, R^ is absent and Y is H, and, when the bond is a single bond, R^ is H and Y is 
a substituent selected from the group defined for X, wherein Y is optionally the same as X; 

v^lierein each of and is independently 0, S, or NR^; 
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wherein Z is a divalent radical of an alkane, an alkene, or an alkyne» any of which 
optionally contains a heteroatom or carbonyl and any of >^ch is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^ R*, and is independently a hydrogen; a C1-C24 alkyl, C2-C24 
alkeny], or C2 -C24 alkynyl, optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

I wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and vfhen the 
bond is a single bond, R^ and R^ are indq)endently selected fipom the group consisting of H, 
CrCg alkyl, aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of H, 
CpCg alkyl, aryl, and a heterocycle; 

or a salt thereof; 

provided that, when each of R^ and R^ is CH2 attached by a double-bond, R^ and R^ 
are absent, R^ and R'* are CH3, R'' is H, and are both O, Z is CH2, and p is 3, then X 
«nd Y are not both methoxv. both ethoxv. or both hvdroxvl: and when each of R\ R^, R^, 
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(Formula I) 

wherein X is a substituent selected from the group consisting of a silyl ether, a 
trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cyclic carbamate, a 
cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a sulphite, a 
bisulphite, a sulphonamide, an amine, an amide, an a^do, a cyano j a halo, a 
tiiphenylphosphonium, a silyl, a trialkyl silyl, an amino acid-derived group, and a 
phosphorus-containing group; 

wherein the bond between the carbon to which Y is attached and the N of NR' to 
which the carbon is attached is a single bond or a double bond, wherem, y/ben the bond is a 
double bond, is absent and Y is H, and, vrfien the bond is a single bond, is H and Y is 
a substituent selected from the group defined for X, \dierem Y is optionally the same as X; 

wherein each of and t^is mdependently 0, S, or NR^ 

wherem Z is a divalent radical of an alkane, an alkene, or an alkyne, any of which 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^ R^ and R* is independently a hydrogen; a CrC24 alkyl, C2-C24 
alkenyl, or C2 -C24 alkynyl, optionally substituted with a group selected from the group 
consisting of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of a 
Ci-Cg alkyl, an aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a smgle bond, R^ and R* are independently selected from the group consisting of Ci- 
Cs alkyl, aryl, and a heterocycle; 

or a salt thereof. 
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4. The compound of any of claims 1-3, \\lierein the amino acid-derived group has the 
structure: 

/ 

wv^N^— CHRCO2H 

NR'R" or R" 
wherein each of R, R', and R" is independently selected from the group consisting of H, a 
Ci-Cg alkyl optionally substituted with an amine or a carboxylate; an aryl; an aryl alkyl; and 
aheterocycle. 

5. The compound of claim 4, wherein R is H,CH3,ben2yl3 
(CH2)4-NH2, or CH2COOH. 

6. The compound of any of claims 1-5, wherein the phosphorus-containmg group is a 
phosphoric group, a phosphorus group, a phosphonic acid group, or a phosphonous acid 
group. 

7. The compound of claim 6, wherein the phosphorus-containing group has the 
structure: 

/ 

O" 

8. The compound of claim 6, wherein the phosphorus-containing group has the 
structure: 

/ 

H 



9. The compound of claim 6, \Adierem the phosphorus-containing group has the 
stmcture: 
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HO 

wherein R is C.-Cs aikyl optionally substituted with an aryl. a heterocycle. an alkoxy, , 
halo, an amine, or carboxylate; an aryl; or a heterocycle. 

10. The compound of claim 6, >vherein the phosphorus-containing group has the 
structure 

H 

wherein R is C,-Q alkyl optionally substituted with an aryl, a heterocycle, an alkoxy, a 
halo, an amine, or carboxylate; an aryl; or a heterocycle. 



II. The compound of any of claims MO, wherein X is selected fiom the group 
consisting of: 



V 



C OR, 



C NH 

\ 

\/ 

C OR, 

>AA/^0 s 

C NH 

\ 

R. 



ws/*0 0 

C (CHR)u 




OR 
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O 0 

\// 

C (C 



(CHR)u NR'R"^ 



(CHR)u SR'^ 




(CHR)u 



PR'R" 



O ,or 




(CHR)u 




wherein each of R, R', and R" is independently selected 



fix>m the group consisting of H; 



Cj-Cg alkyl optionally substituted with an aryl, a heterocycle, an alkoxy, a halo, an amine, 
or carboxylate; an aryl; and a heterocycle, and wherein u is 1 to about 16: 

12. The compound of any of claims 1-10, wherein X is an amide having the structure: 

R 



R' NH 

9 

wherem each of R and R* is independently H; Ci-Cg alkyl optionally substituted with an 
aryl, a heterocycle, an alkoxy, a halo, an amine, or carboxylate; an aryl; or a het«x)cycle. 

13. The compound of any of claims 1, 2, or 4-10, wherein X is a monohydroxylic or a 
polyhydroxylic group. 

14. The compound of claim 13, wherein the monohydroxylic group or polyhydroxylic 
group is derived ifrom a diol, a polyol, a sorbitol, a polyethylene glycol (PEG), a polymer, or 
a sugar. 



/ 
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15. The compound of claim 13, wherein the monohydroxylic group or polyhydroxylic 
group has the structure: 



OH. 



\ 



HO 




wherein B is O, B is attached to the cyclopentyloxy ring at any carbon of the ring, at the 
carbon to which B is attached, A is H, and, at the carbons \rfiere B is not attached, A is - 
OH; or 

A 



>/w-B (PEG) 



wherein B is O, B is attached to any carbon of PEG, at the carbon to which B is attached, A 
is H, and, at the carbons vrfiere B is not attached, A is -OH. 



16. The compound of any of clauns 1-15, wherem each of T* and T^ is O, p is 3 and Z is 
-CH2-. 
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17. The compound of any of clainis 1-16, wherein and are not both H. 

18. .The compound of any of claims 1-17, wherein each of R^ and R^ is a Ci-Cg alkyl 
optionally substituted with a group selected fix)m the group consisting of an aryl, a 
heterocycle» H, and an amine; or an aryl optionally substituted with an alkyl, an aryl, an 
alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl. 

19. The compound of claim 1 8, wherein each of R^ and R* is a C1-C4 alkyl optionally 
substituted with a group selected from the group consisting of an aryl, a heterocycte, and an 
amine; or an aryl pptionally substituted with an alkyl, an aryl, an alkoxy, a halo, an amine, a 
hydroxy, or a trifluoromethyl. • 

20. The compound of any of claims 1-1 9, wherein each of R^ and R"* is CH3. 

21. The compound of any of claims 1-19, wherein R^ is H. 

22. The compoxmd of any of claims 1-21, wherein the bond between R^ and the carbon 
to which R^ is attached is a double bond and R* is CH2. 

23. The compound of any of claims 1-22, wherein the bond between R^ and the carbon 
to which R^ is attached is a double bond and R^ is CH2. 

24. The compound of any of claims 1, 2, 4-10, or 16-23, wherein each of X and Y is 
OH. 

25. The compound of any of claims 1, 2, 4-10, or 16-24, wherein X is OH and Y is H. 

26. The compound of any of claims 1, 2, 4-10, or 16-25, \s4ierein X is OR and R is an 
alkyl. 

27. The compound of claim 26, M^erein R is a Ci-Cg alkyl. 
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28. The compound of claim 27, wherein R is methyl, ethyl, or isopropyl. 



29. The compound of claim 27, wherein R is r-butyl. 



30. The compound of any of claims 1-23 and 26-29, wherein Y is the same as X. 



3 1 . The compound of claim 1 , wherein the compound is 




32. The compoimd of claim 1 , wherein the compound is 



33. The compound of claim 1, wherein the compound is 

.0^ X X ^0, 



^i^^^.^^^^^^ H3C0' 




N rt 




34. The compound of claim 1 or 2, wherein the compound is 
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35. The compound of claim 1 or 2, wherein the compound is 




36. The compound of any of claims 1-3, herein the compound is 




>^erein R is an alkyl; a C2-C24 alkenyl; a cyclohexylalkyl; a C3-C26 alkoxyacetyl; a 
naphthalenalkyl optionally substituted with methyl or halogen; a phenyl (C3-C26 alkenyl), 
^erem the phenyl is optionaOy substituted with methyl or halogen; a cinnamyl; a 
pyridinealkyl optionally substituted with methyl or halogen; a dihydropyridine alkyl 
optionally substituted with C1-C24 alkyl; a thiophenealkyl optionally substituted with methyl 
or halogen; an aryl; an allyl; a furanalkyl optionally substituted with methyl or halogen; 
cysteine; glutathione; or a group of structure 




r 



[ 
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wherein each of Y and V is independently hydrogen, C1-C24 alkyl, C1-C24 aikoxy, or 
halogen, or Y and V together form 3,4-methylenedioxy, and Y" is hydrogen, C1-C24 alkyl, 
C1-C24 aikoxy or halogen. 



37. The compound of claim 36, wherein R is 



i 

I r^\=\=y 



Y" 

and vAifs&a each of Y and Y* is independently hydrogen, Q-Cg alkyl, Ci-Cg aikoxy, or 
halogen, or Y and Y together form 3,4-methylenedioxy, and Y" is hydrogen, Ci-C» allqi 
' Ci-Cg aikoxy or halogen. 

38. The compound ofclaim 37, viiiereinR is 




r 



and wherein Y and Y are hydrogen, and Y" is a Cj-Cg alkyl or a C|-Cg aikoxy. 



39. The compound of claim 37, wherein R is 




r 

and wherem Y and Y* are hydrogen, and Y" is hydrogen, methyl, or methoxy. 
40. The compound of any of claims I -3, wherein the compound is 
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wherein R is an alkyl; a cycloalkyl; a C2-C24 alkenyl; a cyclohexylalkyl; a C3-C26 
alkoxyacetyl; a naphthalenalkyl optionally substituted with methyl or halogen; phenyl (C2- 
C24 alkenyl), wherein the phenyl is optionally substituted with methyl or halogen; cinnamyl; 
pyridinealkyl optionally substituted with methyl or halogen; dihydropyridine alkyl 
optionally substituted with C1-C24 alkyl; thiophenealkyl optionally substituted with methyl 
or halogen; an aryl; an allyl; furanalkyl optionally substituted with methyl or halogen; or a 
group of structure 



wherem each of Y and Y' is independently hydrogen, C1-C24 alkyl, CrC24 alkoxy, or 
halogen, or Y and Y* together form 3,4-methylenedioxy, and Y" is hydrogen, C1-C24 alkyl, 
C1-C24 alkoxy or halogen. 

41 . The compound of claim 40, wherein R is 



and wherein each of Y and Y* is independently hydrogen, Ci-Cg alkyl, Ci-Cg alkoxy, or 
halogen, or Y and Y* together form 3,4-methylenedioxy, and Y" is hydrogen, Ci-Cg alkyl, 
Ci-Cg alkoxy or halogen. 




r 




r 



42. The compoimd of claim 41 , vdierein R is 
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T 

and herein Y and V are hydrogen, and Y" is a hydrogen, a Ci-Cg alkyl, or a Ci-Cg alkoxy. 

43. The compound of claim 40, wherein R is a Ci-Cg alkyl. 

44. Hie compoimd of claim 43, wherein R is ^-butyl. 

45. The compound of any of claims 1-44, wherein the compound is isolated or purified. 

46. The compound of any of claims 2-45, wherein the compound is a solid at room 
temperature. 

47. The compound of any of claims 1-46, wherein the compound is a crystalline solid. 

48. A pharmaceutical composition comprising a compound of any of claims 1-47 
and a pharmaceutically acceptable carrier. 

49. A method of inhibiting the growth of a cell, which method comprises administering 
to the cell in an amount effective to inhibit the growth of the cell a compound of any of 
claims 1-47. 

50. The method of claim 49, wherein the ceil is in a host. 

51. The method of claim 50 i^erein the host is a mammal. 

52. The method of claim 51, wherein the mammal is a human. 

53. The mediod of any of claims 50-52, wherem the host is afflicted with a disease 
caused by hyperproliferation and the method effectively treats the disease. 
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54. The method of claim 53, wherein the disease is resistant to treatment with cisplastin. 



55. The method of claim 53 or 54, wherein the disease is cancer. 

56* The method of claim 55, wherein the cancer is ovarian cancer, colon cancer, 
melanoma, glioma, or breast cancer and the cancer is optionally resistant to treatment with 
cisplatin. 

57. A method of treating a viral, parasitic, or bacterial infection of a cell, which method 
comprises administering to the cell in an amount effective to treat a viral, parasitic, or 
bacterial infection a compound of any of claims 1-47. 

58. The method claim 57, wherein the cell is in a host. 

59. The method ofclaim 58, wherein the host is a mammal. 

60. The method of claim 59, wherein the mammal is a human. 



61 . The method of any of claims 59-60 wherein the host is afflicted vrfth a disease 
caused by the viral, parasitic, or bacterial infection and the method eflGsctively treats the 
disease. 

62. A method of preparing a compound of Formula I 




0 



0 



(R2) 



(Formula I) 



wherein X is OH, 



a 
is 
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wherein the bond between the carbon to which Y is attached and the N of NR' to 
which the carbon Is attached is a single bond or a double bond, wherein, when the bond is 
double bond, R' is absent and Y is H, and, when the bond is a singie,bond, is H and Y 
OH; 

wherein each of T' and is independently 0, S, or m?; 

wherein Z is a di^ent radical of an alkane, an alkene, or an alkyne, any of which 
optionaUy contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

v^erein p is an integer that is greater than or equal to 2; 
wherem each of R', R*, and R» is mdependenfly a hydrogen; a C,^24 alkyl. C2-C24 
alkenyi, or C2-C24alkynyl. optionally substituted with agroi^) selected fiom the group 
consisting of an aryl. aheterocycle. and an amine; or anaryl optionaUy substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein die bond between R' and the carbon to which R' is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R' is a divalent 
radical derived fiom an alkane, an aromatic hydrocarbon, or a heterocycle. and when the 
bond is a single bond, R' and R^ are independently selected fiom the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R« is absent and R^ is a divalent 
radical derived fiom an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R« are independendy selected fiom the group consisting of H, 
Ci-Cg alkyl, aryl, and a heto-ocycle; 
or a salt thereof; and 
wherein the compound is a solid; 
which method conqnises: 

(a) providing a conq)ound of Formula n: 
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(Fonnula II) 



wherein flie definitions of R\ R^ R'*. r\ r\ t\ T^ Z, and p are the same as those for 
Formula I; and 

(b) contacting the compound of Formula II with water, whereby the solid 
compound of Fonnula I is formed. 

63. Hie method of claim 62, wherein compound of Fonnula II is contacted with water in 
a solvent system comprismg a water-miscible aptotic solvent and water. 

64. The mefliod of claim 63, wherein the water-miscible aprotic solvent is acetonitrile. 

65 . The method of claim 62 or 63, wherein the solvent system comprises at least 1 0% 
(v/v) water. 

66. The method of any of claims 62-65, wherein the compound of Fonnula II is 



67. The method of any of claims 62-66, wherem the compound of Formula I is 
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^CH2 



68. 



A method of preparing a compound of Formula I 
O 





(Formula I) 

wherein X is a substituent selected ftom the group consisting of an ether, a sily! 
ether, a trialkyl sUyl ether, an esta:, a carbonate, a carbamate, a thiocarbamate. a cyclic 
carbamate, a cyclic thiocarbamate, an acetate. SH, a sulfide, a sulphoxide, a sulphone. a 
sulphite, a bisulphite, a sulphonamide. an amine, an amide, an azido, a cyano, a halo, a 
triphenylphosphonium, a silyl, atrialkyl silyl, an amino acid- derived group, and a ' 
phosphorus-containing gro^qj; 

wherein the bond between the carbon to which Y is attached and the N of NR' to 
which the carbon is attached is a single bond or a double bond, wherein, when the bond is a 
double bond, R' is absent and Y is H, and, when the bond is a single bond, R^ is H and Y is 
a substituent selected from the group defined for X, wherein Y is optionaUy the same as X; 

wherein each of T' and T^is independently O, S, or NR*; 

wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of which 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

>n1i«ein p is an mteger that is greater than or equal to 2; 
wherein eadi of R^ R*, and R« is independently a hydrogen; a C, -C24 alkyl, C2-C24 
alkenyl, or Cj .C24 alkynyl, optionaUy substituted with a group selected from the group 
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consisting of an aryl, a heterocycle, H, and an amine; or an aryl optionally substituted with 
an alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein the bond between and the carbon to which is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; and 

wherein the bond between R^ and the carbon to which R^ is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of H, 
Ci'Cs alkyl, aryl, and a heterocycle; 

or a salt thereof; and 

wherein the compound is a solid, 
which method comprises: 

(a) providing a compound of Formula H: 



wherein the definitions of R', R^ R^ R^ R^ R^ T\ T^, and p are tiie same as those for 
Formula I; and 

(b) combining the compound of Formula n with a nucleophilic organic reactant, 
wherein the nucleophilic part of the nucleophilic organic reactant provides X, 
whereby the solid compound of Formula I is formed. 

69. A method of preparing a compound of Formula I 




(r2) 



(Formula n) 
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(Formula I) 

wherein X is a substituent selected from the group consisting of an OH, an ether, a 
sUyl ether, a trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cyclic 
carbamate, a cyclic thiocarbamate. an acetate, SH, a sulfide, a sulphoxide, a sulphone, a 
sulphite. aWsuiphite, a sulphonamide, an amine, an amide, an azido, a cyano, a halo, a 
triphenylphosphonium. a silyl, a trialkyl sUyl, an amino acid-derived group, and a 
phosphorus-containing group; 

wherein the bond between Ibe carbon to which Y is attached and the N of NR' to 
which the carbon is attached is a single bond or a double bond, wherein, when the bond is a 
double bond, is absent and Y is H, and, when the bond is a single bond, is. H and Y is 
a substituent selected from the group defined for X. wherem Y is optionaUy the same as X; 

wherein each of T' and is independently 0, S. or NR*; 

wherein Z is a divalent radical of an alkane. an alkene, or an alkyne, any of which 
optionally contams a heterpatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherein p is an integer that is greater than or equal to 2; 

wherein each of R^ R\ and R* is mdependenUy a hydrogen; a C,-C24 alkyl, C2-C24 
alkenyl. or C2 -C24 alkynyl, optionally substituted with a group selected from the group 
consisting of an aryl. a heterocycle, and an amine; or an aryl optionaUy substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein the bond between R' and the carbon to which r' is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R' is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond. R' and R^ are independently selected from the group consisting of H. 
Ci-Cg alkyl, aryl, and a heterocycle; and 
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wherein the bond between and the carbon to which is attached is a single bond 
or a double bond, \;^erein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived fiom an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected fiom the group consisting of H, 
Ci-Cg alkyl, aryl, and a heterocycle; 

or a salt thereof; and 

provided that, when each of R^ and R^ is CH2 attached by a double>bond, R^ and R^ 
are absent, R^ and R^ are CH3, R^ is H, and 1^ are both O, Z is CH2, and p is 3, then X 
and Y are not both methoxy, both ethoxy, or both hydroxyl; and when each of R^ R^, R^, 
and R^ are H, then X and Y are not both sulfide or both ether; 

which method comprises: 

(a) providing a compoimd of Formula U: 




(FonnulaU) 

wherein the definitions of R\ R^ R^ R^ R^, R^ T^ T^, Z, and p are the same as those for 
Formula I; and 

(b) combining the compound of Formula n with a nucleophilic organic reactant 
other than methanol or ethanol, wherein the nucleophilic part of the nucleophilic organic 
reactant provides X, 

A^ereby the solid compound of Formula I is formed. 



70. A method of preparing a compound of Formula I 
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(Formiila I) 



wherein X is a substituent selected from the group consisting of a silyl ether, a 
trialkyl silyl ether, an ester, a carbonate, a carbamate, a thiocarbamate, a cyclic carbamate, a 
cyclic thiocarbamate, an acetate, SH, a sulfide, a sulphoxide, a sulphone, a sulphite, a 
bisulphite, a sulphonamide, an amine, an amide, an azido, a cyano, a halo, a 
triphenylphosphonium, a silyl, a trialkyl silyl, an amino acid-derived groiq), and a 
phosphorus-containing group; 

wherein the bond between the carbon to which Y is attached and the N of NR^ to 
which the carbon is attached is a smgle bond or a double bond, wherem, when the bond is a 
double bond, is absent and Y is Hand, when the bond is a single bond, is H and Y is 
a substituent selected from the groiq) defined for X, wherem Y is optionally the same as X; 

vrfierem each of and is independently O, S, or NR*; 

wherein Z is a divalent radical of an alkane, an alkene, or an alkyne, any of vrfiich 
optionally contains a heteroatom or carbonyl and any of which is substituted or 
unsubstituted; 

wherem p is an integer that is greater than or equal to 2; 

wherein each of R^ r\ and R* is independently a hydrogen; a C1-C24 alkyl, C2-C24 
alkenyl, or C2 -C24 alkynyl, optionally substituted with a group selected from the group 
consistmg of an aryl, a heterocycle, and an amine; or an aryl optionally substituted with an 
alkyl, an aryl, an alkoxy, a halo, an amine, a hydroxy, or a trifluoromethyl; 

wherein the bond between R^ and the carbon to which R' is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, is absent and R^ is a divalent 
radical derived firom an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R^ are independently selected from the group consisting of Ci- 
Cg alkyl, aryl, and a heterocycle; and 
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wherein the bond between and the carbon to which is attached is a single bond 
or a double bond, wherein, when the bond is a double bond, R^ is absent and R^ is a divalent 
radical derived from an alkane, an aromatic hydrocarbon, or a heterocycle, and when the 
bond is a single bond, R^ and R* are independently selected from the group consisting of Ci- 
Cs alky], aryl, and a heterocycle; 

or a salt thereof; and 
which method comprises: 

(a) providing a compound of Formula 11: 





(FonnulalT) 

wherem the definitions of R\ R^, R^ R*, R^ R^ T\ T^, Z, and p are flie same as those for 
Formula I; and 

(b) combining the compound of Formula n with a nucleophilic organic leaclant, 
wherein the nucleophilic part of the nucleophilic organic reactant provides X, and 
whereby ttie solid compound of Formula I is formed. 

71 , The method of any of claims 62-70, wherein the compound of Formula I is a solid at 
room temperature. 

72. The method of any of claims 62-7 1 , wherein the compound of Formula I is a 
crystalline solid. 



73. The method of any of claims 62-72, wherein the compound of Formula I is 
precipitated. 



74. The method of any of claims 68-73, wherein the nucleophilic reactant is a thiol. 
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75. The method of claim 74, wherein the nucleophiKc reactant is a thiolphenol, 
alkylthiolphenol, or an alkoxythiolphenoL 



an 



76. The method of any of claims 68-73, wherein the nucleophilic reactant 



IS anamme. 



77. The method of claim 76. wherein the nucleophilic reactant is an alkylamine. 

78. The method of any of claims 63-77 fijrther comprising isolating the compound of 
Formula I. 



79. The method of claim 78, wherem the compound of Formula I is isolated by 
evaporatioiL 



80. The method of any of clkims 68-79, wherein the compound of Formula H 
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